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ABSTRACT

This laboratory guide presents taxonomic information on eggs
and larvae of fishes of the Northeast Pacific Ocean (north of
California) and the eastern Bering Sea. Included are early-life-
history series, illustrations, and comparative descriptions of 232
species expected to spawn here, out of a total 627 species known
to occur in marine waters of this area. Meristic and general
life-history data are included, as well as diagnostic characters
to help identify eggs and larvae. Most of this information has
been gleaned from literature, with the addition of 200 previously
unpublished illustrations.

Introduction

Background

The importance of early-life-history studies to fisheries investiga-
tions and phylogenetic research has increased dramatically during
the last decade. Early-life-history stages are now routinely used in
fisheries studies to investigate the interannual variation in recruit-
ment (e.g., Wooster 1983), and in studies of the phylogeny of fishes
(e.g., Moser et al. 1984b). The fact that early-life-history stages
of many species remain unknown in the northeastern Pacific Ocean
limits their use in these disciplines, as well as in research on ecology,
behavior, and the biological effects of pollution on fishes.

At the Northwest and Alaska Fisheries Center (NWAFC), pro-
gress in the identification and understanding of early-life-history
stages of marine fishes has steadily increased. Our investigations
beginning in 1965 were primarily aimed at determining spawning
grounds and distribution of eggs and larvae for only one target
species: the Pacific hake, Merluccius productus. Studies in the late
sixties and early seventies concentrated on ascertaining abundance
and horizontal distribution of the eggs and larvae of major taxa
occurring off the northeast Pacific coast and in the Gulf of Alaska
and Bering Sea. In addition to baseline studies on distribution and
abundance, work has increasingly emphasized the use of egg and/or
larval surveys (targeted on species such as walleye pollock, Theragra
chalcogramma) to generate estimates of spawning stock biomass
and to test hypotheses concerning the multitude of possible factors
involved in the stock/recruitment relationship (e.g., feeding, preda-
tion, growth, and transport). These studies require the accurate
identification of all early-life-history stages, from the egg stage to
newly settled juveniles and adults. The ability to make such iden-
tifications is a direct result of taxonomic studies in our laboratory,
especially for the family Gadidae. These studies have enabled iden-
tification of all gadid species occurring in the Northeast Pacific
Ocean and have allowed additional research on development,
osteology, and systematics (e.g., Matarese et al. 1981, Dunn and
Vinter 1984, and Dunn and Matarese 1984).

The primary purpose of this laboratory guide is to allow expan-
sion of the use of early-life-history studies in fisheries research by
providing descriptive information necessary to insure accurate iden-
tification of eggs, larvae, and early juveniles of marine fishes in
the northeastern Pacific Ocean and Bering Sea. The guide is
designed to aid in species identification; thus, it includes little of
the developmental information usually found in ontogenetic de-
scriptions. We have placed emphasis on the accuracy and quality
of illustrations, whether from the literature or originals drawn for
this guide. In some cases, however, when specimens were not
available, we reproduced substandard figures from the literature.
Diagnostic characters are included, which enable identification of
early-life-history stages of closely related and/or similar-looking
taxa, as are comparative tables and figures which outline similarities
and differences among taxa. Detailed information is included for
species where considerable early-life-history data are available. For
poorly known taxa, available information is given, sometimes
limited to characters of adults of the species in the study area and
a description of early-life-history stages of related species from other
areas.
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Geographic coverage

The geographic area covered is the Pacific Ocean between approx-
imately 38°N and 66°N and west to 180°; however, we have in-
cluded only those taxa with northern limits of distribution between
Oregon and the northern Bering Sea (Fig. 1). Taxa restricted to
California waters or the Arctic are excluded. Because most ichthyo-
plankton surveys concentrate on coastal areas, usually within 200
miles (370 km) of shore, this guide emphasizes coastal, nearshore
species rather than strictly oceanic species. Taxa that usually do
not produce planktonic early-life-history stages are generally ex-
cluded (e.g., Embiotocidae) as are strictly freshwater and estuarine
species or spawners. Sources useful in identifying early-life-history
stages of freshwater and estuarine species found adjacent to our
study area include Wang (1981, 1986) and Auer (1982). In general,
we have based coverage on species’ likelihood of spawning in the
Northeast Pacific Ocean rather than on the occurrence of adults.
The geographic distribution of spawning is generally more restricted
than the overall range of a species. Some low-latitude oceanic species
(e.g., most members of the family Scombridae) which occur off
Oregon and Washington are not included because they usually spawn
much further south and their eggs and larvae do not occur in our
area.
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Information sources

Literature In producing this guide, we first compiled meristic and
life history information from the literature. This was accomplished
largely through a computer-based meristic information file generated
by Kevin Howe at the University of Washington, and a compen-
dium of life history information produced under the direction of
Bruce Miller, University of Washington (Garrison and Miller 1982).
Information from these sources was augmented and updated as it
was incorporated in this guide. The meristic database was com-
piled by examining specimens and original radiographs, and from
the literature (original descriptions, revisions, or general sources).
When possible, counts are from the left side of the body. Since
Garrison and Miller (1982) is not generally available, original
sources cited by them are referred to in this guide. Published early-
life-history information and illustrations were used when available,
supplemented when possible by data from our field collections.
Among the most useful published sources were Fitch and Lavenberg
(1968, 1971, 1975), Miller and Lea (1972), Hart (1973), Eschmeyer
et al. (1983), Moser et al. (1984b), Ozawa (1986a), and the many
papers authored or co-authored by Ahlstrom, Moser, and Richard-
son (see Citations). Okiyama (1988) was received too late to be
fully included in this guide.



Specimens In addition to data gleaned from the literature, we have
included some unpublished data and original illustrations obtained
from specimens in our collections (Table 1). Specimens were from
two major sources: (1) Investigations in the Kodiak Island region
in the Gulf of Alaska conducted 1977-79, and (2) studies under-
taken in cooperation with the U.S.S.R. beginning in 1980 to inves-
tigate the distribution and abundance of ichthyoplankton off northern
California, Oregon, and Washington and in the Gulf of Alaska.

Some specimens were also derived from work in the Bering Sea
during 1971-72, 1976-78, and 1979. Dunn (1986) provides a list
of ichthyoplankton surveys conducted by the NWAFC from which
were obtained many of the specimens examined or illustrated for
this guide. Occasionally specimens were obtained from other
research collections or from rearing experiments conducted primar-
ily by Jeffrey Marliave (Vancouver Public Aquarium) and David
Misitano (NWAFC).

Table 1
Collection data for original illustrations by Northwest and Alaska Fisheries Center (NWAFC).*

SL Station Location or
Taxon (mm) Cruise number Gear® Date N° we
Thalassenchelys coheni 190.0 15 02 84 Puget Sound, WA®
Clupea pallasi 10.4 4MF81 GO0SA 6B5 20 05 81 58°19.6', 153°54.5'
15.0 SF7703 P-4 N 05 04 77 Str. Juan de Fuca, WA
19.0 SF7603 13 B 18 05 76 Str. Juan de Fuca, WA
23.8 seine 14 06 72
Nansenia candida 5.1 1PO84 GO53A 6B5 22 03 84 44°40.1', 127°40.0’
Bathylagus milleri 15.0 2MF78 GO074A TT 02 07 78 57°07.0', 151°01.0
Bathylagus ochotensis 7.9 1EQ83 GO56A B 03 05 83 44°00.0, 127°39.0
Bathylagus pacificus 11.6 3MF79 S25A 6BS 17 06 79 54°05.2', 170°59.0'
17.6 6B5 Gulf of Alaska
Macropinna microstoma 11.1 1PO84 GO66A 6B5 24 03 84 43°40.0°, 124°37.0°
Danaphos oculatus 22.4 MI161 23 07 84 6 km W of Newport, OR
Tactostoma macropus 14.3 1PO80 GO11A 6B5 03 08 80 47°18.7', 125°13.3’
Lampanyctus regalis 5.2 1PO80 GO61A 6B5 12 08 80 38°00.0, 125°42.5'
Diaphus theta 4.6 K6703 50 IMN 08 05 67 42°00.0, 127°35.0
6.3 1PO80 GO85A 6B5 20 08 80 40°20.0°, 125°20.0°
16.0 1PO80 GO64A 6B5 13 08 80 42°22.5, 126°17.5'
Stenobrachius leucopsarus 4.9 2KE72 G50A 6B5 08 05 72 57°46.0°, 149°21.0°
6.3 1PO84 GII12A 6B5 02 04 84 40°40.1', 126°47.0
18.0 4DI78 GOS1A TT1 13 04 78 55°26.8', 153°53.7'
Melanonus zugmayeri 17.0 Ocean ACRE-9 9-11 N 1903 70 32°03.0°, 64°05.0
Boreogadus saida 16.3 Glacier (OCSEAP) 11 6B5 11 08 76 70°47.0°, 162°14.0
Gadus macrocephalus 4.1 FOXB86III (sample 111) 166 MOC 18 05 86 57°40.6', 155°09.8’
Theragra chalcogramma egg composite Gulf of Alaska
3.5 — 04 82 Gulf of Alaska®
Ophidiidae 15.6 1EQ83 GO044A 6B5 30 04 83 45°20.0°, 124°48.0°
29.8 1EQ83 GO73A 6B5 06 05 83 43°20.2', 127°57.0
Brosmophycis marginata 10.6 Puget Sound®
Gobiesox maeandricus 7.0 12 02 76 Brit. Columbia’
Cololabis saira 6.7 1TK80 G091 N 08 05 80 42°00.0°, 125°55.0
7.4 1DA81 GO039A N 02 11 81 45°37.0°, 124°52.0
Trachipterus altivelis 9.4 K6805 30 IMN 23 10 68 45°44.0°, 124°38.0'
24.0 1PO82 G46A 6B5 29 05 82 40°40.5", 126°48.4°
Melamphaes sp. 3.7 1EQ83 GO34A 6BS 28 04 83 46°00.0", 128°31.0
Sebastes brevispinis 4.6 SEI77-9 21 trawl 12 07 77 58°28.3', 139°30.0'
Sebastes caurinus 5.1 05 07 77 Reared by C. Mahnken®
Sebastes jordani 4.6 Marathon 85-1 229 trawl 2505 85 48°09.6", 125°05.3'
Sebastes melanops 4.0 07 02 84 Newport, OR"
Sebastes polyspinis 6.1 Poseydon 85-1 trawl — 07 85 Gulf of Alaska
Sebastes rufus 36.0 (Groundfish Comm. 8 MWT 04 06 85 Farrallon Is., CA'
Invest.)
Sebastes variegatus 4.6 SEI77-9 21 trawl 12 07 77 58°28.3", 139°30.0'
Sebastes zacentrus 4.7 SEI77-9 33 trawl 16 07 77 59°40.1', 143°03.5’
Sebastolobus sp. egg 1PO81 GO65A N 22 05 81 43°40.0", 125°01.4°




Table 1 (continued)

SL Station Location or
Taxon (mm) Cruise number Gear® Date N° we
Anoplopoma fimbria 5.6 1PO84 GO019B 6B5 1503 84 46°40.5', 124°59.0'
8.8 MF77B-6 83(1) N 55°40.7", 155°23.0°
12.0 MF77B-6 2(4) N 1505 77 54°22.6°, 166°42.5
Blepsias bilobus 12.4 3MF79 VO02A N 02 06 79 56°03.5", 166°33.9’
16.7 3MF79 SI2A N 06 06 79 56°35.7", 165°54.3
24.8 3MF79 S40A N 21 06 79 56°31.6", 166°42.0°
Blepsias cirrhosus 11.5 — 04 80 Friday Harbor, WA
16.8 — 04 80 Friday Harbor, WA
Chitonotus pugetensis 3.0 Puget Sound, WAI
4.9 Puget Sound, WA/
Gymnocanthus A 9.6 MF76A BO7 6BS 04 05 76 56°49.7", 169°39.0
11.9 MF76A B17 6B5 20 05 76 54°42.3', 165°25.9
Hemilepidotus jordani 10.6 1SH81 066 N 19 03 81 57°03.0°, 155°53.0°
18.4 3MF79 VO6A N 03 06 79 56°02.8", 166°33.6
Myoxocephalus B 9.1 IMD82 G135A 6B5 29 05 82 54°54.1°, 158°39.0'
12.2 IMD82 G135A 6B5 29 05 82 54°54.1°, 158°39.0°
Myoxocephalus G 8.7 2KE72 G39A 6BS 06 05 72 57°33.0', 152°06.0'
Nautichthys oculofasciatus 8.3 — 04 80 Friday Harbor, WA
Psychrolutes paradoxus 18.0 Mukilteo, WAJ
Synchirus gilli 10.5 1505 79 Neah Bay, WA¥
16.8 N 16 05 79 Neah Bay, WA*
Agonidae A 4.7 1PO82 GO26A 6B5 14 05 82 44°01.5', 124°33.8'
10.0 Gulf of Alaska
Agonomalus mozinoi 8.2 MF77B-5 32) 6B5 26 04 77 54°38.7", 167°14.0
Cyclopteridae 4.0 3MF81 GO58A 5B5 01 05 81 56°55.9°, 154°55.8’
Nectoliparis pelagicus 7.9 MF77B-6 55(1) TT 1305 77 55°46.7°, 169°25.1°
20.5 MF77B-6 46(1) 6B5 13 05 77 55°44.4', 171°31.3'
Paraliparis sp. 28.5 4DI78 25 6B5 01 04 78 57°58.3", 150°02.2°
Bathymaster A 9.0 2MF78 G35A 6BS 25 06 78 56°02.0°, 154°08.4
29.6 MF77B-5 2(2) N 26 04 77 54°23.3', 166°44.0'
Rongquilus jordani 7.7 803E — 0572 Newport, OR
10.4 912E — 0572
Anoplarchus purpurescens 6.1 Puget Sound, WA’:
9.0 Puget Sound, WA’
12.0 Puget Sound, WA’
12.0 Puget Sound, WA/
12.0 Puget Sound, WA/
Bryozoichthys-Chirolophis 16.5 MF76A 10 6B5 56°29.8", 171°34.1
29.0 MF77B-6 42 N 12 05 77 56°45.6", 171°30.8'
Lumpenus sagitta 17.3 IMD82 GO028A 6B5 08 04 82 56°40.0°, 155°27.0'
35.1 4MF81 G028A 6B5 21 05 81 57°29.5", 155°43.0
Plectobranchus evides 9.2 1143E 2404 73 Newport, OR
16.9 1107E 2004 73 Newport, OR
31.3 933E — 06 72 Newport, OR
Xiphister atropurpureus 8.0 2003 78 Brit. Columbia'
Delolepis gigantea 17.5 IMF80 34A 7 N 27 03 80 57°52.4°, 154°38.9°
Lyconectes aleutensis 16.0 MF77B-5 8(2) N 25 04 77 54°37.0°, 166°13.9
Apodichthys flavidus ~15 Brit. Columbia’
Pholis sp. 9.2 Brit. Columbia’
23.0 2MF78 GO034A 6B5 2506 78 56°33.3", 154°51.2°
Anarhichas orientalis 21.0 MF77B-5 8(2) N 2504 77 54°37.0°, 166°13.9’
Ammodytes hexapterus 9.8 1SH81 177 6B5 22 04 81 55°54.0°, 156°36.0'
323 1CH83 S008A N 18 05 83 59°03.2°, 147°31.7°
Clevelandia ios 3.4 T 04 05 82 Bohom Bay, OR
15.0 20 01 66 Yaquina Bay, OR
Coryphopterus nicholsi 44 210585 Dabob Bay, WA!
Lepidogobius lepidus 3.5 TT (midwater) Yaquina Bay, OR
20.8 6 ft. otter trawl 19 05 84 1 mi off Newport, OR




Table 1 (continued)

SL Station Location or
Taxon (mm) Cruise number Gear® Date N° we
Citharichthys sordidus 4.5 1EQ83 GO042A 30 04 83 45°20.0, 124°06.0
7.0 1EQ83 G042A 30 04 83 45°20.0°, 124°06.0
Atheresthes stomias 10.0 MF76A-IIT 36 6B5 2505 76 55°29.0°, 165°50.8"
13.4 DE-4 14K#2 6BS 2507 71 56°45.0°, 168°05.0
25.6 DE-4 16) 6B5 02 08 71 56°15.0°, 171°21.0°
Glyptocephalus zachirus 11.5 2MF78 G68A TT 01 07 78 56°17.3', 152°55.8’
Hippoglossoides elassod 5.0 2MF78 G66A TT 30 06 78 55°59.7', 153°33.2°
7.9 2MF78 G66A TT 30 06 78 55°59.7", 153°33.2'
15.0 3MF79 S33A 6B5 19 06 79 56°16.2, 166°29.6
18.0 SEI77-9 43 6B5 220777 58°19.5', 150°53.0
Hippoglossus stenolepis 14.4 4DI78 D45C TT 14 04 78 56°14.5", 153°22.2'
18.0 3MF81 GO12A 6B5 27 04 81 57°57.0°, 154°13.3'
Lepidopsetta bilineata 4.3 4DI78 GO09A 6B5 3003 78 58°22.0°, 150°12.8’
7.4 STI79 G024A 6B5 19 05 79 56°23.7", 155°45.0
10.8 DE-4 DE4#2 6BS 26 07 71 57°30.0°, 169°30.0
16.3 2MF78 GO023A 6B5 24 06 78 57°19.5, 152°23.9
Lepidopsetta 2 6.3 2MF78 GO4M4A TT 26 06 78 57°61.1, 151°17.4'
9.7 2MF78 DO1A TT 28 06 78 56°42.3, 153°33.7
16.4 SEI77-9 43 6BS 2207 77 58°19.5, 150°53.0
Microstomus pacificus 15.0 MF84-6 B1 6B3 25 08 84 Bering Sea™
26.0 1PO80 GO095A 6BS 23 08 80 39°20.0°, 124°22.0
Parophrys vetulus 4.5 K6805 32 IMN 23 10 68 45°44.0°, 124°07.0°
10.0 6502 14F 14 05 65 46°10.0', 124°42.0
17.5 SF7702 2 6B3 230277 Str. Juan de Fuca, WA
Platichthys stellatus 4.8 4MF81 GO029A 6B5 21 05 81 57°24.8', 155°37.0°
6.6 29 04 78 Str. Juan de Fuca, WA
8.2 29 04 78 Str. Juan de Fuca, WA
9.0 05 06 70 Puget Sound, WA
Pleuronectes quadrituberculatus 6.3 3MF79 VO14A 6BS 05 06 79 57°02.9’, 165°02.8"
7.8 3MF79 VOI5A 6BS 05 06 79 57°03.8', 165°03.2
Psettichthys melanostictus 2.5 15 02 84 Puget Sound, WAJ:
6.9 07 03 84 Puget Sound, WA{
8.1 27 03 84 Puget Sound, WA/
13.9 591E — 06 — Newport, OR

Several illustrations originally drawn for this publication and included in this table have already been published (e.g., Moser et al. 1984b, Kendall and Matarese 1987).

Gear
6B5 = 60-cm bongo net, 0.505-mm mesh IMN = I-m net
6B3 = 60-cm bongo net, 0.333-mm mesh MWT = midwater trawl
B = 60-cm bongo net N = neuston net
MOC = MOCNESS net TT = 1-m Tucker trawl

“Collected by Univ. Wash., Seattle, WA 98195.

dReared by A.J. Paul, Univ. Alaska, Inst. Mar. Sci., Seward Mar. Cent., Seward, AK 99664.

‘Reared by Steven Borton, formerly of Seattle Public Aquarium, Pier 59, Seattle, WA 98104.

‘Reared by Jeffrey Marliave, Vancouver Public Aquarium, P.O. Box 3232, Vancouver, B.C., Canada V6B 3X8.

BReared by Conrad Mahnken, NWAFC, Coastal Zone Estuarine Stud., Manchester Field Stn., P.O. Box 38, Manchester, WA 98353.
hReared by George Boehlert, Southwest Fish. Cent., Honolulu Lab., Honolulu, HI 96822.

iCollected by Wayne Samiere, Southwest Fish. Cent., Tiburon Lab., Tiburon, CA 94920.

JReared by David Misitano, NWAFC, Environ. Conserv. Div., Mukilteo Field Stn., P.O. Box 21, Mukilteo, WA 98272.
*Collected by Albert E. Giorgi, NWAFC, Coastal Zone Estuarine Stud., 2725 Montlake Blvd. E., Seattle, WA 98112.
'Collected by Bruce Frost, Univ. Wash., School Oceanogr., Seattle, WA 98195.

™Collected by Kevin Bailey, NWAFC, Resource Assess. Conserv. Eng., 7600 Sand Point Way N.E., Seattle, WA 98115-0070.




Species list

The following list of species found in the study area was compiled
from the literature. The order of higher taxa generally follows J.
Nelson (1984); genera and species are listed alphabetically within
families. The list is annotated with page numbers indicating where
taxa are described in the guide. Page numbers are out of sequence
in instances (e.g., myctophids, cottids) where taxa are grouped ac-
cording to larval similarities, rather than alphabetically. Letters in
place of page numbers indicate that a species is not given individual
treatment for the following reasons: A = anadromous, D = direct
development, F = freshwater spawner, S = spawns south of study
area, U = inadequate early-life-history information available,
V = viviparous. In these cases, available meristic and ecological
information is given in appropriate higher-category (e.g., order,
family) accounts.

Elopomorpha 31
Notacanthiformes
Notacanthidae 34
Notacanthus chemnitzi U
Polyacanthonotus challengeri U
Anguilliformes 33
Xenocongridae 34
Thalassenchelys coheni U
Nemichthyidae
Avocettina infans 38
Nemichthys larseni U
Nemichthys scolopaceus 40
Cyematidae 34
Cyema atrum U
Synaphobranchidae 34
Histiobranchus bathybius U
Nettastomatidae 36
Venefica sp. 8]
Congridae (= or includes Muraenesocidae) 36
Xenomystax atrarius U
Serrivomeridae 36
Serrivomer jesperseni U
Eurypharyngidae 36
Eurypharynx pelecanoides U
Clupeiformes 43
Clupeidae
Alosa sapidissima A
Clupea pallasi 44
Dorosoma petenense A
Sardinops sagax 46
Engraulididae
Engraulis mordax 48
Salmoniformes 51
Argentinoidei
Argentinidae
Argentina sialis 52
Nansenia candida 54
Bathylagidae
Bathylagus bericoides 56
Bathylagus milleri 58
Bathylagus ochotensis 60
Bathylagus pacificus 62
Bathylagus wesethi 64
Leuroglossus schmidti 66
Leuroglossus stilbius 68

Therobrommus callorhinus

Opisthoproctidae
Bathylychnops exilis
Dolichopteryx sp.
Dolichopteryx longipes
Macropinna microstoma

Alepocephalidae
Alepocephalus tenebrosus
Bathylaco nigricans
Ericara salmoneum
Leptochilichthys agassizi
Narcetes stomias
Talismania bifurcata

Platytroctidae
Holtbyrnia innesi
Holtbyrnia latifrons
Maulisia argipalla
Pellisolus eubranchus
Sagamichthys abei

Salmonoidei

Osmeridae
Allosmerus elongatus
Hypomesus olidus
Hypomesus pretiosus
Mallotus villosus
Osmerus mordax
Spirinchus starksi
Spirinchus thaleichthys
Thaleichthys pacificus

Salmonidae

Coregoninae
Coregonus laurettae
Coregonus nasus
Coregonus pidschian
Coregonus sardinella
Stenodus leucichthys
Salmoninae

Oncorhynchus gorbuscha
Oncorhynchus keta
Oncorhynchus kisutch
Oncorhynchus nerka
Oncorhynchus tshawytscha
Parasalmo clarki
Parasalmo gairdneri
Parasalmo mykiss
Parasalmo penshinensis
Salvelinus alpinus
Salvelinus leucomaenis
Salvelinus malma

Stomiiformes

Gonostomatoidei
Gonostomatidae

Cyclothone acclinidens
Cyclothone atraria
Cyclothone pallida
Cyclothone pseudopallida
Cyclothone signata
Cyclothone sp.
Gonostoma atlanticum
Gonostoma gracile
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Sternoptychidae
Argyropelecus affinis
Argyropelecus hemigymnus
Argyropelecus lychnus
Argyropelecus sladeni
Sternoptyx diaphana
Sternoptyx pseudobscura
Danaphos oculatus

Stomioidei

Chauliodontidae
Chauliodus macouni

Melanostomiidae
Bathophilus flemingi
Eustomias sp.
Opostomias mitsuii
Tactostoma macropus

Malacosteidae
Aristostomias scintillans

Idiacanthidae
Idiacanthus antrostomus
Idiacanthus fasciola

Scopelomorpha

Aulopiformes
Scopelarchidae
Benthalbella dentata
Benthalbella linguidens
Notosudidae
Scopelosaurus harryi
Bathysauridae
Bathysaurus mollis
Synodontidae
Synodus lucioceps
Paralepididae
Lestidiops ringens
Notolepis rissoi
Paralepis atlantica
Anotopteridae
Anotopterus pharao
Alepisauridae
Alepisaurus ferox
Myctophiformes
Neoscopelidae
Neoscopelus macrolepidotus
Myctophidae
Ceratoscopelus townsendi
Diaphus theta
Dorsadena yaquinae
Electrona rissoi
Lampadena urophaos
Lampanyctus fernae
Lampanyctus jordani
Lampanyctus regalis
Lampanyctus ritteri
Loweina rara
Notoscopelus resplendens
Notoscopelus japonicus
Parvilux ingens
Protomyctophum crockeri
Protomyctophum thompsoni
Stenobrachius leucopsarus

92
94
96
98
100
102
102
104
107

108

110
112
114
116

118

120
122
125

126
126

128

130

132

134
136
138

140

142

144
146
160
176

148
162

166
168
156
178
178
170
150
152
172

Stenobrachius nannochir

Symbolophorus californiensis

Taaningichthys bathyphilus
Tarletonbeania crenularis
Tarletonbeania taylori

Gadiformes

Moridae
Antimora microlepis
Laemonema longipes
Melanonidae
Melanonus zugmayeri
Merlucciidae
Merluccius productus
Gadidae
Boreogadus saida
Eleginus gracilis
Gadus macrocephalus
Microgadus proximus
Theragra chalcogramma
Macrouridae
Albatrossia pectoralis
Coryphaenoides acrolepis
Coryphaenoides armatus
Coryphaenoides cinereus
Coryphaenoides filifer
Coryphaenoides leptolepis
Coryphaenoides liocephalus
Coryphaenoides longifilis
Coryphaenoides yaquinae
Nezumia stelgidolepis

Ophidiiformes

Ophidioidei
Ophidiidae
Bassozetus sp.
Chilara taylori
Dicrolene filamentosa

Holcomycteronus profundissimus

Spectrunculus grandis
Spectrunculus radcliffei
Bythitoidei
Aphyonidae
Barathronus pacifica
Sciadonus pedicellaris
Bythitidae
Brosmophycis marginata
Cataetyx rubrirostris

Batrachoidiformes

Batrachoididae
Porichthys notatus

Lophiiformes

Ceratioidei
Ceratiidae
Ceratias holboelli
Ceratias sp.
Oneirodidae
Bertella idiomorpha
Chaenophryne longiceps

Chaenophryne melanorhabdus

Oneirodes bulbosus
Oneirodes thompsoni

154
174
158

181
182

184

186
189
190
192
194
196
198
200

202

221
222
222
222

224

226



Gobiesociformes
Gobiesocidae
Gobiesox maeandricus
Rimicola muscarum
Atherinomorpha
Beloniformes
Scomberesocidae
Cololabis saira
Atheriniformes
Atherinidae
Atherinops affinis
Atherinopsis californiensis
Lampriformes
Lampridae
Lampris guttatus
Trachipteridae
Trachipterus altivelis
Beryciformes
Anoplogastridae
Anoplogaster cornuta
Melamphaidae
Melamphaes lugubris
Melamphaes parvus
Poromitra crassiceps
Scopeloberyx robustus
Scopelogadus bispinosus
Cetomimoidei
Barbourisiidae
Barbourisia rufa
Cetomimidae
Cetomimus sp.
Cetostoma regani
Gyrinomimus sp.
Rondeletiidae
Rondeletia loricata
Zeiformes
Oreosomatidae
Allocyttus sp.
Gasterosteiformes
Aulorhynchidae
Aulorhynchus flavidus
Gasterosteidae
Gasterosteus aculeatus
Pungitius pungitius
Syngnathidae
Syngnathus leptorhynchus
Scorpaeniformes
Scorpaenoidei
Scorpaenidae
Sebastinae
Sebastes aleutianus
Sebastes alutus
Sebastes auriculatus
Sebastes aurora
Sebastes babcocki
Sebastes borealis
Sebastes brevispinis
Sebastes caurinus
Sebastes chlorostictus
Sebastes ciliatus
Sebastes crameri
Sebastes diploproa

229
230

232
235

236

238
240
243

244

ccc

257

258
261

262

Sebastes elongatus
Sebastes emphaeus
Sebastes entomelas
Sebastes flavidus
Sebastes glaucus
Sebastes goodei
Sebastes helvomaculatus
Sebastes jordani
Sebastes maliger
Sebastes melanops
Sebastes melanostictus
Sebastes melanostomus
Sebastes miniatus
Sebastes mystinus
Sebastes nebulosus
Sebastes nigrocinctus
Sebastes paucispinis
Sebastes pinniger
Sebastes polyspinis
Sebastes proriger
Sebastes rastrelliger
Sebastes reedi
Sebastes ruberrimus
Sebastes rufus
Sebastes saxicola
Sebastes variegatus
Sebastes wilsoni
Sebastes zacentrus
Sebastolobinae
Sebastolobus alascanus
Sebastolobus altivelis
Sebastolobus macrochir
Anoplopomatoidei
Anoplopomatidae
Anoplopoma fimbria
Erilepis zonifer
Hexagrammoidei
Hexagrammidae
Oxylebius pictus
Zaniolepis frenata
Zaniolepis latipinnis
Ophiodon elongatus
Pleurogrammus monopterygius
Hexagrammos decagrammus
Hexagrammos lagocephalus
Hexagrammos octogrammus
Hexagrammos stelleri
Cottoidei
Cottidae
Archaulis biseriatus
Artediellichthys nigripinnis
Artedielliscus sp.
Artediellus camchaticus
Artediellus gomojunovi
Artediellus miacanthus
Artediellus ochotensis
Artediellus pacificus
Artediellus scaber
Artedius corallinus
Artedius fenestralis
Artedius harringtoni
Artedius lateralis

302
304
306
308

310
312

314

316
318
320

322
324

326

328

330
332

334
336
336
336

338

341
342
344
344
346
348
352
354
356
358
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Artedius meanyi
Artedius notospilotus
Ascelichthys rhodorus
Asemichthys taylori
Blepsias bilobus
Blepsias cirrhosus
Chitonotus pugetensis
Clinocottus acuticeps
Clinocottus embryum
Clinocottus globiceps
Clinocottus recalvus
Cottoid A

Cottus aleuticus

Cottus asper

Dasycottus setiger
Enophrys bison
Enophrys diceraus
Enophrys lucasi
Eurymen gyrinus
Gilbertidia sigalutes
Gymnocanthus detriscus
Gymnocanthus galeatus
Gymnocanthus pistilliger
Gymnocanthus tricuspis
Hemilepidotus gilberti
Hemilepidotus hemilepidotus
Hemilepidotus jordani
Hemilepidotus papilio
Hemilepidotus spinosus
Hemilepidotus zapus
Hemitripterus bolini
Hemitripterus villosus
Icelinus borealis
Icelinus burchami
Icelinus filamentosus
Icelinus oculatus
Icelinus tenuis

Icelus canaliculatus
Icelus euryops

Icelus scutiger

Icelus spatula

Icelus spiniger

Icelus uncinalis
Jordania zonope
Leptocottus armatus
Malacocottus kincaidi
Malacocottus sp.
Malacocottus zonurus
Megalocottus laticeps
Megalocottus platycephalus
Microcottus sellaris
Myoxocephalus axillaris
Mpyoxocephalus brandti
Mpyoxocephalus jaok
Myoxocephalus niger
Myoxocephalus polyacanthocephalus
Myoxocephalus quadricornis
Mpyoxocephalus scorpioides
Myoxocephalus scorpius
Myoxocephalus sp.
Myoxocephalus stelleri
Myoxocephalus verrucosus

384
420
386

448
450
388
422
424
426
428
438
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Nautichthys oculofasciatus
Nautichthys pribilovius
Nautichthys robustus
Oligocottus maculosus
Oligocottus rimensis
Oligocottus snyderi
Paricelinus hopliticus
Phallocottus obtusus
Porocottus bradfordi
Porocottus quadrifilis
Psychrolutes paradoxus
Psychrolutes phrictus
Radulinus asprellus
Radulinus boleoides
Rhamphocottus richardsoni

Scorpaenichthys marmoratus

Sigmistes caulias
Sigmistes smithi
Stelgistrum beringianum
Stelgistrum concinnum
Sternias xenostethus
Stlegicottus xenogrammus
Synchirus gilli
Taurocottus brashnikovi
Thecopterus aleuticus
Thyriscus anoplus
Triglops forficata
Triglops jordani
Triglops macellus
Triglops metopias
Triglops pingeli
Triglops scepticus
Zesticelus profundorum

Agonidae

Agonomalus mozinoi
Agonopsis vulsa

Agonus acipenserinus
Agonus decagonus
Anoplagonus inermis
Aspidophoroides bartoni
Aspidophoroides olriki
Bathyagonus alascanus
Bathyagonus infraspinatus
Bathyagonus nigripinnis
Bathyagonus pentacanthus
Bothragonus swani
Hypsagonus quadricornis
Ocella dodecaedron
Ocella impi

Ocella verrucosa
Odontopyxis trispinosa
Pallasina barbata

Percis japonicus

Sarritor frenatus

Sarritor leptorhynchus
Stellerina xyosterna
Xeneretmus latifrons
Xeneretmus leiops
Xeneretmus triacanthus

Cyclopteridae
Cyclopterinae

Aptocyclus ventricosus
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Cyclopteropsis phrynoides
Eumicrotremus andriashevi
Eumicrotremus barbatus
Eumicrotremus birulai
Eumicrotremus derjugini
Eumicrotremus gyrinops
Eumicrotremus orbis
Eumicrotremus soldatovi
Eumicrotremus taranetzi
Lethotremus muticus
Pelagocyclus vitiazi
Liparidinae
Acantholiparis caecus
Acantholiparis opercularis
Acantholiparis sp.
Careproctus abbreviatus
Careproctus attenuatus
Careproctus bowersianus
Careproctus cameliae
Careproctus canus
Careproctus colletti
Careproctus cypselurus
Careproctus ectenes
Careproctus filamentosus
Careproctus furcellus
Careproctus gilberti
Careproctus longifilis
Careproctus melanurus
Careproctus microstomus
Careproctus mollis
Careproctus opisthotremus
Careproctus oregonensis
Careproctus ostentum
Careproctus ovigerum
Careproctus pellucidus
Careproctus phasma
Careproctus pycnosoma
Careproctus rastrinus
Careproctus scottae
Careproctus simus
Careproctus sp.
Careproctus spectrum
Careproctus zachirus
Crystallichthys cyclospilus
Crystallichthys mirabilis
Elassodiscus caudatus
Elassodiscus tremebundus
Gyrinichthys minytremus
Liparis bristolensis
Liparis callyodon
Liparis catharus
Liparis cyclopus
Liparis dennyi
Liparis florae
Liparis fucensis
Liparis gibbus
Liparis grebnitzki
Liparis mednius
Liparis megacephalus
Liparis micraspidophorus
Liparis mucosus
Liparis ochotensis
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Liparis pulchellus
Liparis rutteri

Liparis tunicatus
Lipariscus nanus
Nectoliparis pelagicus
Odontoliparis ferox
Osteodiscus cascadiae
Paraliparis cephalus
Paraliparis dactylosus
Paraliparis deani
Paraliparis holomelas
Paraliparis latifrons
Paraliparis megalopus

Paraliparis melanobranchus

Paraliparis mento
Paraliparis paucidens
Paraliparis pectoralis
Paraliparis rosaceus
Paraliparis ulochir
Polypera beringiana
Polypera greeni
Rhinoliparis attenuatus
Rhinoliparis barbulifer
Temnocora candida

Perciformes

Percoidei
Carangidae
Naucrates ductor
Seriola lalandi
Trachurus symmetricus
Bramidae
Brama japonicus
Taractes asper
Caristiidae
Caristius macropus
Sciaenidae
Atractoscion nobilis
Genyonemus lineatus
Seriphus politus
Pentacerotidae
Pseudopentaceros sp.
Embiotocidae
Amphistichus koelzi
Amphistichus rhodoterus
Brachyistius frenatus
Cymatogaster aggregata
Embiotoca lateralis

Hyperprosopon argenteum
Hyperprosopon ellipticum

Hypocritichthys analis
Phanerodon furcatus
Rhacochilus vacca
Zoarcoidei
Bathymasteridae

Bathymaster caeruleofasciatus

Bathymaster leurolepis

Bathymaster signatus

Ronquilus jordani
Zoarcidae

Bothrocara brunneum

Bothrocara hollandi

Bothrocara molle
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Bothrocara pusillum
Bothrocara remigerum
Derepodichthys alepidotus
Gymnelus bilabrus
Gymnelus hemifasciatus
Gymnelus popovi
Gymnelus viridus
Krusensterniella pavlovskii
Lycenchelys altus
Lycenchelys camchaticus
Lycenchelys crotalinus
Lycenchelys hippopotamus
Lycenchelys jordani
Lycenchelys longirostris
Lycenchelys microporus
Lycenchelys pliciferus
Lycenchelys rassi
Lycenchelys ratmanovi
Lycenchelys roseus
Lycenchelys volki
Lycodapus derjugini
Lycodapus dermatinus
Lycodapus endemoscotus
Lycodapus fierasfer
Lycodapus leptus
Lycodapus mandibularis
Lycodapus pachysoma
Lycodapus parviceps
Lycodapus poecilis
Lycodapus psarosomatus
Lycodes brevipes
Lycodes concolor
Lycodes cortezianus
Lycodes diapterus
Lycodes mucosus
Lycodes pacifica
Lycodes palearis
Lycodes raridens
Lycodes turneri
Lyconema barbatum
Melanostigma pammelas
Nalbantichthys elongatus
Opaeophacus acrogeneius
Pachycara bulbiceps
Puzanovia rubra
Taranetzella lycoderma
Stichaeidae
Stichaeinae

Stichaeini
Eumesogrammus praecisus
Stichaeus punctatus

Chirolophini
Bryozoichthys lysimus
Bryozoichthys marjorius
Chirolophis decoratus
Chirolophis nugator
Chirolophis snyderi
Chirolophis tarsodes
Gymnoclinus cristulatus

Lumpeninae

Lumpenini

Acantholumpenus mackayi
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Anisarchus medius
Lumpenella longirostris
Lumpenus fabricii
Lumpenus maculatus
Lumpenus medius
Lumpenus sagitta
Poroclinus rothrocki
Opisthocentrini
Allolumpenus hypochromus
Opisthocentrus ocellatus
Plectobranchus evides
Xiphisterinae
Alectrini
Alectridium aurantiacum
Anoplarchus insignis
Anoplarchus purpurescens
Xiphisterini
Cebidichthys violaceus
Phytichthys chirus
Xiphister atropurpureus
Xiphister mucosus
Cryptacanthodidae
Delolepis gigantea
Lyconectes aleutensis
Pholididae
Apodichthys flavidus
Pholis clemensi
Pholis dolichogaster
Pholis fasciata
Pholis gilli
Pholis laeta
Pholis ornata
Pholis schultzi
Xererpes fucorum
Anarhichantidae
Anarhichas orientalis
Anarrhichthys ocellatus
Ptilichthyidae
Ptilichthys goodei
Zaproridae
Zaprora silenus
Scytalinidae
Scytalina cerdale
Trachinoidei
Trichodontidae
Arctoscopus japonicus
Trichodon trichodon
Blennioidei
Clinidae
Gibbonsia metzi
Gibbonsia montereyensis
Heterostichus rostratus
Icosteoidei
Icosteidae
Icosteus aenigmaticus
Ammodytoidei
Ammodytidae
Ammodytes hexapterus
Gobioidei
Gobiidae
Clevelandia ios
Coryphopterus nicholsi
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Pigmentation Pigmentation available as taxonomic characters on
larvae is limited to melanophores, since other pigment cells (e.g.,
xanthophores) do not retain their color in currently-used fixatives
and preservatives. Melanophore patterns are very useful for iden-
tifying larval fishes. The relative size, position, and sometimes the
number of melanophores in series should be noted. In some cases,
pigmentation consists of a group of melanophores in a specific area;
in others the pigmentation consists of an individual melanophore.
Pigmentation generally changes as larvae develop. Movement of
individual melanophores is rather limited, but addition or loss of
melanophores is common. Usually preflexion larvae are less pig-
mented than later larvae, and late in the larval period, as transfor-
mation occurs, the larval pigment pattern is overgrown by the largely
superficial pattern of the juvenile. Between the preflexion and trans-
formation stages in most fish there is a definite larval pigment pat-
tern which is relatively stable, and unique to a species in many cases.
Although the position of melanophores is a species characteristic,
the degree of contradiction seems to be physiologically moderated.
Thus, larvae of the same species could have a different overall
pigmented appearance, lighter or darker. Several species in the
Northeast Pacific have heavily pigmented larvae, which are readily
recognized in samples but may be confused with one another (Table
3, Fig. 5).

Morphology Larval shape can vary from stout and robust to quite
slender and elongate (Table 2). Several fishes in the study area have
elongate larvae which may be confused with one another (Table
4, Fig. 6). The ratio of body depth at the pectoral fin to standard
length is usually sufficient to characterize overall body shape. The
size and shape of the head and eye may also be important. The length
of the gut, measured as the ratio of preanal to standard length, is
quite useful. As with other characters, larval shape characters vary
with development, so the size and stage of development should be
noted when comparing shape of an unknown larva to illustrations
and descriptions of known specimens.

Head spines, when present, may be more numerous and accentu-
ated in larvae than in adults. Among Northeast Pacific fishes, larval
head spines are most prevalent in cottids and scorpaenids, although
they also occur in some members of groups such as perciforms and
pleuronectids (Table 2).
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Once the above data on an unknown specimen or group of similar
specimens are assembled, actual identification becomes largely a
process of eliminating species whose characters do not match the
unknown specimen. Keys are not presented in this guide and general-
ly do not work well with fish larvae, because the larvae change
so much with development, and the larvae of all species in a study
area are rarely known. With larvae, particularly, the first attempt
should be to identify the unknown to order or family, based on
meristic values, shape, and general appearance. Table 2 and the
figures of larval representatives of various orders (Fig. 4) should
be of assistance in this. Once an idea of the appropriate order/
suborder is established, more detailed information can be obtained
in the material at the beginning of each ordinal account, including
general life-history characters, species represented in the study area,
and meristic and early-life-history characters. Illustrations, meris-
tics, and other information given in the individual taxon accounts
in this guide should then be compared with the unknown specimens
to find the most likely species. Differences between the unknown
and described larvae should be noted. If an unknown specimen does
not match any larval descriptions given here, check meristic tables
of the most likely taxa to see if the unknown specimen fits a species
whose larvae have not yet been described.
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Examples of features used to describe early stages of fishes: A, egg; B, preflexion larva; C, late larva showing base points for measurements;
D, late larva showing morphological features (B-D, after Fahay 1983).
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Representative postflexion larvae of higher categories of fishes of the Northeast Pacific Ocean.

16




auawt 2oy
A B
e rarana eI

Trachinoidei

Tetraodontiformes

Figure 3 (continued)

17




81

Ordinal/subordinal egg,

Table 2

larval, and meristic characters of Northeast Pacific fishes (Ahlstrom and Moser 1976, Fahay 1983, Leis and Rennis 1983, in part).

Meristics
Principal
Eggs Larvae Fin characters Vertebrae caudal fin rays
N ) . Preanal Trans- Special d({:";«"il :(:‘lsl‘;
Develop- Chor- l?envnel— Oil  Diameter length Gut  Eye H.ead fo.rma— Juve- Spines Pelvic fin fins  fin
ment site Shape ion Yolk line space globule  (mm) Shape (%SL) shape shape spines tion  nile —
Eg 2 _ s ] B § [ = 3B El
w® 2 [ S =] 5 g2 9 = - S L 3 o0 o = i oA e e e g o o ——
Taxon CERAEEE 53 82 552 2-A 9333 VRRESE L2 2E S5 £2 £2 22E2 SE& &< 5 3 &
Notacanthiformes/

Anguilliformes 9 X X X X X X XX X X XX X X XX X X X X X X X 68-750 09 07 0-16
Clupeiformes 2 Xx* XX X X XX X X X X X XX X X X X X X X 69 X X 43-57 10 9 19
Salmoniformes

Argentinoidei 5 X X X X X X X X XX X XX X XX X XX XX X X 6-12 X X X 34-84 10 9 19

Salmonoidei 2 X X X X X X XX X X X X X X X X X 8-11 X X 54-75 10 9 19
Stomiiformes 6 X X XX X XX X XX XXX XX XXX X X XX X X X X X 6-17 X XX 35-83 10 9 19
Aulopiformes 7 X X X X X X X X X X XX XX X X X X 8-12 X X X 48-87 10 9 19
Myctophiformes 2 X X XX X X X X X XX XX X X XX X XX XX X X 7-10 X X 29-42 10 9 19
Gadiformes 5 XX X  xx* X X XXX XX XX X X X X X X X X X 0-17 XX° X  48-64;84-86 4-6° 24¢ 6-10°
Ophidiiformes 3 Unknown X X X X X X X X X L12 X X 60-81 4 5 9
Lophiiformes 2 X X X X X X X X X X X X X X X X X X X X 19-21 4 45 89
Gobiesociformes 1 X X X X X X X X X X X X X X X b.& L4 X X 32-36 2 ? 14
Beloniformes’ 1 XX X X X X X X X X X X X X X X X 6 X X 62-69 7 8 15
Atheriniformes 1 X X X X X X XX X X X X X X X X X L5-6 X X 44-52 9 8 17
Lampriformes 2 X X X X X X X XX XX X X X X X XX XX 6-7 X X 4346;90-94 ? ] ?
Beryciformes 5 X X X X X X X XX XX X X XX XX XX X X XX 0-1,6-8 X X 23-52 10 9 19
Zeiformes 1 X X X X X X X X X X X X X X L6 X X 39 6 7 13
Gasterosteiformes 3 X X X X X X X X X X X X X X X X X XX X XX Llord4 XX¢ X 30-64 6-7 6 12-13
Scorpaeniformes

Scorpaenoidei 1 X XX X X X XX XX X XX X X X X XX X X L5 X X 26-31 7 7 14

Anoplopomatoidei 1 X X X X X X X X X X X X X X X X X L5 X X 61-66 7 7 14

Hexagrammoidei 1 X X X X X X X XX X XX X X X X X X X X L5 X X 36-63 7-8 6-11 13-19

Cottoidei 3 X X XX X X XX XX XX XX X X XX X XX X X X 258 XX X 25-71 6 57 11-13
Perciformes

Percoidei 6 X X X x X X X X XX XX X X X X X X X X X LS X X 2341 9 8 17

Zoarcoidei 9 X X X X X X XX X X X X X X X X X X X X 0L05 XX X 49-150;221-250 ? ? 12-15

Trachinoidei 1 X X X X X X X X X X X X X X X X L5 X X 44-47 ? ? 13

Blennioidei 1 X X X X X X X X X X X X X X X X 1,3 X X 55-58 9 8 17

Icostoidei 1 X X X X X X X X X X X X X X X XEX I,4k X X 66-68 9 8 17

Ammodytoidei 1 X X X X X X X X X X X X X X X X X X 65-70 9 8 17

Gobioidei 1 X X X X X X XX X X X X X X X X X X 5-6 X X 26-38 ? 2 17

Scombroidei 2 X X X X X X X X X X X X X X X X X LLL5 XX X 22-23;30-32;148-150 9 8 17

Acanthuroidei 1 Unknown X X X X X X XE oy 1,4% X X 22-23 2 7 16

Stromateoidei 3 X X X X X X X XX XX X X X X X X X Xt X 1.5 X X 28-31;52-62 9 8 17
Pleuronectiformes 3 XxX* X xx" X XX XPX XXX XX XX X X XX X X X X X 46 X X 35-66 9-129 8-119 17-249
Tetraodontiformes 1 X X X X X X X X X X X X X X X X X X X 17-18 15"

# Clupea pallasi eggs demersal.
b Macrouridae eggs sculptured.
¢ Three dorsal fins in Gadidae.
9 Macrouridae lack caudal fins.
€ Pelvic fin modified into a disc.
fJ. Nelson (1984) places scomberesocids within the Cyprinodontiformes.
& Dorsal spines isolated from soft-rayed dorsal fin.

"J. Nelson (1984) considers Psychrolutidae a separate family; we include

it in Cottidae.

" Pelvic fin absent or modified into a disc in Cyclopteridae.
J Trachurus yolk segmented.
¥ Pelvic fin present only in larvae.
! Pelvic fin absent in Peprilus.

™Lepidopsetta bilineata only species with demersal egg.

" Pleuronichthys eggs have hexagonal sculpturing.

° Hippoglossoides elassodon and H. robustus only species with wide

perivitelline space.
P Pleuronectidae eggs have no oil globule.
9Total caudal fin rays.
" Mola mola has a pseudocaudal fin (see Tyler 1980).
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Figure 4

Ranges of total vertebral counts for families in the study area.
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Table 3

Distinguishing features of some commonly collected heavily pigmented larvae.*

Total Other diagnostic Page
Taxon Distribution vertebrae Description of pigment features reference
Myomeres 25-50
Rhamphocottus richardsoni SSC-Bering Sea 26-28 Small spots, densely distributed on  Subterminal mouth, deep body; after 366
head, gut, and 3/4 body; absent on  flexion head spines and prickles by
peduncle and tail 9-10 mm
Myoxocephalus G Wash.-Bering Sea 34-37 Spots concentrated dorsally on head  Head spines develop during flexion 400
and gut, and over anterior 1/2 body;
absent over gut
Hemilepidotus spp. SSC-SE Alaska 35-39 Spots widely distributed on head, gut, Head spines develop during flexion 372
and body
Scorpaenichthys marmoratus SSC-SE Alaska 35-37 Dense, uniformly distributed spots  Head bumps and preopercular spines 382
over head, gut, and 3/4 body; absent  develop after flexion; preanal finfold
on tail
Blepsias spp. Cent. Calif.-Bering Sea 37-39 Dense, large spots evenly concentrated ~ Head spines and bumps develop dur- 448
over dorsal head, gut, and >3/4 body; ing flexion
absent on tail tip
Pleuronichthys spp. SSC-Bering Sea 37-41 Dense spots concentrated over head, Slender body with wide finfolds 616
gut, and >3/4 body; dorsal and anal
finfold
Radulinus spp. SSC-Gulf of Alaska 38-40 Widely distributed over lateral gut sur-  Preopercular spines not prominent, gut 406
face and almost 3/4 body coiled
Hemitripterus villosus Gulf of Alaska- 39-41 Spots evenly distributed to 3/4 body  Large size at development 452
Bering Sea and into dorsal and anal finfold
Nautichthys oculofasciatus Cent. Calif.-Bering Sea 40-41 Large, widely distributed spots to 3/4  Long, pigmented precocious pector- 454
body; dorsal and anal finfold pigment  als; head spines, bumps, ridges devel-
at midbody op after flexion
Myomeres >50
Hexagrammos spp./ S. Calif.-Bering Sea 50-63 Widely distributed on dorsal head and ~ Gut length <50% SL 348
Pleurogrammus monopterygius gut, above and below notochord
Ophiodon elongatus SSC-Gulf of Alaska 56-59 Widely distributed on dorsal head and ~ Pointed snout and large terminal 346
gut, more concentrated on dorso-and ~ mouth
ventrolateral surface; chin and isthmus
Zaprora silenus Cent. Calif.-Bering Sea 61-62 Small spots densely concentrated over ~ Large size at development 530
entire body, except ventrally on gut,
dorsal finfold, and posterior edge of
gill cover; lightly on caudal peduncle
and anal finfold
Anoplopoma fimbria SSC-Bering Sea 61-66 Widely distributed over >3/4 body >15 mm, pectoral fins long, pig- 338
mented; gut length >50% SL; anus
curves ventrad
Cololabis saira SSC-Bering Sea 62-69 Small spots densely concentrated, ven-  Long preanal finfold 236
tral tailtip without pigment
Lyconectes aleutensis N. Calif.-Bering Sea 73-75 Heavily concentrated over >3/4 body, Large size at development 520
isthmus; lighter over gut and absent on
peduncle
Delolepis gigantea N. Calif.-Bering Sea 81-83 Widely distributed to 3/4 body, absent ~ Large size at development 520

over gut and isthmus

*Other heavily pigmented larvae that may be less frequently encountered include the following species:

Anarhichas orientalis (p. 524)

Naucrates ductor (p. 484)

Peprilus simillimus (p. 562)

Oxylebius pictus (p. 342)
Zaniolepis (p. 344)
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HEAVILY PIGMENTED LARVAE (MYOMERES 25-50)

A Rhamphocottus richardsoni
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Figures A, C, Richardson and Washington 1980; B, NWAFC original (B. Vinter).

Figure 5
Commonly collected heavily pigmented larvae with 25-50 myomeres (A-I), and >50 myomeres (J-P).
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HEAVILY PIGMENTED LARVAE (MYOMERES 25-50)

D Scorpaenichthys marmoratus

8.6 mm NL

11.5 mm SL

6.5 mm NL

Figure D, Richardson and Washington 1980; E, NWAFC original (B. Vinter); F, Sumida et al. 1979.

Figure 5 (continued)
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HEAVILY PIGMENTED LARVAE (MYOMERES 25-50)

G Radulinus spp. (Radulinus asprellus)

&Lc’*? g
x, wﬁ'”
vy

9.6 mm NL

14.4 mm SL

v

a l."‘qnii
ot

Y

8.3 mm SL

Figure G, Richardson and Washington 1980; H, Okiyama and Sando 1976; I, NWAFC original (B. Vinter).

Figure 5 (continued)
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HEAVILY PIGMENTED LARVAE (MYOMERES > 50)

J Hexagrammos spp. (Hexagrammos octogrammus)
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Figures J—K, Kendall and Vinter 1984; L, Haryu and Nishiyama 1981; M, NWAFC original (B. Vinter).

Figure 5 (continued)
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HEAVILY PIGMENTED LARVAE (MYOMERES > 50)

N Cololabis saira

6.7 mm SL
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Figures N—P, NWAFC originals (B. Vinter).

Figure 5 (continued)
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Table 4

Comparison of selected diagnostic characters of some commonly collected families with similar-looking elongate larvae.

Myomeres
Number between
dorsal fin inser-
tion and anal Presence of
fin origin® Preanal adipose Diagnostic Page
Taxon Preanal  Postanal Total (flexion stage) length fin pigment reference
Short dorsal and anal fin bases
Clupeidae 28-32 19-23 46-57 6-8 80% None Gut 44
Engraulididae 24-26 19-21 43-47 0-2 67-75% None Isthmus, gut 48
Osmeridae® - — 54-73 9-11 80% Yes Single row pvm;° ventral gut midline 79
Long dorsal and anal fin bases
Bathymasteridae 13-16 34-39 49-55 Overlaps <50% None Urostyle or slash-like pigment along 496
posterior hypaxial and epaxial myo-
meres
Stichaeidae 14-31 34-59 50-83 Overlaps <50% None Gut, anus, pvm® 500
Pholididae - — 80-102 Overlaps >50% None Gut, pvm® 522
Ammodytidae 40-47 23-25 65-74 Overlaps 60% None Double row pvm® 540

The number of myomeres between dorsal and anal fins has been used as a taxonomic character in clupeiform larvae of certain size classes. During transformation the position
of the gut and median fins shifts forward relative to myomere number (for more details, see McGowan and Berry 1984).

bBased on larvae of Mallotus villosus (except for total myomere count); other osmerids, as yet unidentified to species, are similar.

fpvm = postanal ventral midline melanophores.
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ELONGATE LARVAE
Short dorsal and anal fin bases

A Clupeidae (Clupea pallasi)

16.0 mm

Long dorsal and anal fin bases

D Bathymasteridae (Ronquilus jordani)

16.0 mm

Figures A, D—F, NWAFC originals (B. Vinter); B, Kramer and Ahlstrom 1968; C, Fahay 1983 (after Templeman 1948); G, Stevens et al. 1984.

Figure 6

Commonly collected elongate larvae.
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Using this laboratory guide

Format

This laboratory guide has been designed to be practical and easy
to use. Only information deemed necessary for accurate and time-
ly identification has been included. A two-page format is provided
for each taxon where sufficient early-life-history information exists.
The left page includes pertinent information for identification and
the right page includes illustrations, usually with notations indicating
important diagnostic features. The left page is divided into two
columns: Information on meristic characters and life history features
is presented on the left, and developmental information on the right.
Blanks within the format indicate that particular information was
not available (e.g., egg size, fecundity), to point out gaps in
knowledge, and allow researchers to insert new information as it
becomes available. The family name appears at the top of each page
for quick reference. The phylogenetic sequence generally follows
J. Nelson (1984) unless otherwise indicated. Species names along
with their authorities appear at the upper right corner of the left
page, and common names (from Robins et al. 1980, Hubbs et al.
1979, Shiino 1976, and others) are included at the upper left cor-
ner of the right page. Nomenclature generally follows Robins et
al. (1980) and Steyskal (1980) unless a more recent revision is
available (usually from Moser et al. 1984b). Exceptions are noted
in the text.

For taxa treated at the species level, available illustrations are
arranged on the right-hand page as follows: Late-stage egg is in
the upper right-hand corner, and order of larvae is shown (top to
bottom) as yolksac, preflexion, flexion, postflexion, and either a
transforming juvenile or special prejuvenile stage. Blank spaces in-
dicate that stages were not available for illustration. When necessary
for identification purposes, additional illustrations such as dorsal
and ventral views are provided. Most illustrations were compiled
from the literature; Moser et al. (1984b) provided over 100 illustra-
tions. In a few cases, illustrations from the literature were redrawn,
modified, or corrected; when this occurred, it is indicated. In addi-
tion to the published illustrations, original illustrations of 124 fish
eggs and fish larvae by Beverly Vinter are included. Collection data
are provided for original illustrations (Table 1).

Introductory sections are provided for each order and for taxa
(usually genera or families) with difficult identification problems
or for taxa that contain numerous similar species (e.g., Cottidae
and Sebastes). Important diagnostic features are summarized, and,
in some cases, tables are provided to aid in identification. In the
Northeast Pacific Ocean, early-life-history stages of many species
are either undescribed, incompletely described, or without adequate
illustrations. For these taxa, identification material is provided at
the lowest taxonomic level possible, usually family level (e.g.,
Osmeridae) or generic level (e.g., Cyclothone). Family level
descriptions include a summary of available early and general life-
history information, tables of meristic characters, and brief accounts
of early-life-history characters from closely related taxa described
from other geographic areas. For taxa where no early-life-history
data are available (e.g., Cetomimoidei), life history summaries and
meristic data are provided.
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Meristics

Data summaries of meristic structures, except those for the caudal
fin or from recently completed research, are from the NWAFC
meristic database. The range (high and low value) and mode are
presented for each entry. Ranges reported here generally represent
the most extreme values ever recorded; in many cases, these values
are not likely to be observed. These values may have been seen
on specimens collected outside our study area. Thus, in using this
guide more emphasis should be placed on the reported modal values.
An ““X’’ appears when data are unavailable. For fin ray counts,
R = rays (soft rays) and S = spines; for gill raker counts, U =
upper and L = lower. In addition to pelvic fin-ray counts, fin posi-
tion is given. Position is indicated by the following descriptors: Ab-
dominal, thoracic, jugular, absent, or modified (e.g., pelvic disc
in cyclopterids). The total vertebral count given may not equal the
sum of the precaudal and caudal vertebral counts in some cases,
since these counts may have originated from different sources.

Data for caudal fin-ray counts have been gleaned from published
material, as well as from original observations. Caudal fin-ray
counts are reported in the following sequence: Upper secondary,
upper principal + lower principal, lower secondary, with ranges
for each when available. Total caudal fin rays or total principal
caudal fin rays are reported if no other data are available. Blanks
in the caudal field indicate that no data are available.

For some taxa, it was necessary to forego the standard meristic
format in order to present the data or provide additional informa-
tion (e.g., members of the family Gadidae have three dorsal fins
and two anal fins). Departures from the standard format are either
explained on the page where they occur or in introductory sections
preceding species descriptions for certain taxa.

General life history

Life history data are provided as ancillary information which may
aid in identification of eggs and larvae. These data were extracted
from Garrison and Miller (1982) and supplemented by the general
literature and original, unpublished material.

Geographic ranges are from the NWAFC meristic database and
the literature. Allen and Smith (1988) provided a significant amount
of new information. Range information is restricted primarily to
the study area. Thus, the limits of the southern range beyond the
California-Mexico border, the northern range beyond the Arctic
to the north and east, and the western range beyond the Bering Sea
are not specified.

The following general locations are used to approximate geo-
graphic range within the study area (abbreviations in parentheses
are used hereafter in the text when necessary):

South of southern California (SSC)

Southern California, 32-34°N (S. Calif. or S. California)
Central California, 34-38°N (Cent. Calif. or Cent. California)
Northern California, 38-42° N (N. Calif. or N. California)
Oregon, 42-46°N

Washington, 46-48°30'N (Wash.)

British Columbia, 48°30’-55°N (Brit. Col.)

Southeastern Alaska, 55-59°N (SE Alaska)

Gulf of Alaska, 54-60°N

Aleutian Islands, 51-55°N (Aleutian Is.)

Bering Sea, 54-66°N

Chukchi Sea, north of 66°N

Arctic



In addition to geographic range, general ecological descriptors
are incorporated in the NWAFC meristic database. The following
descriptors are used.

Pelagic environment

Nearshore shelf pelagic: Extends from the shore seaward to in-
clude waters overlying an ocean bottom <200 m. Equivalent
to the neritic province of Hedgpeth (1957) and other authors.

Oceanic: Waters overlying an ocean bottom >200 m. The follow-
ing subdivisions based on water depth are used: Epipelagic
0-200 m; Mesopelagic 200-1000 m; Bathypelagic >1000 m.

Benthic environment

Intertidal, nearshore: Extends from high tide to low tide. Equiv-
alent to the littoral province of many authors.

Nearshore shelf demersal: All bottom from low tide to 200 m
(= epibenthal in text). Equivalent to the sublittoral zone of
Hedgpeth (1957) and other authors.

Mesobenthal: Deep sea beyond the continental shelf at depths
of 200-500 m. Lowest part of the shelf and upper part of con-
tinental slope (Fedorov 1973).

Bathybenthal: Deep sea along the continental slope at depths of
500-2500 m. Middle and lower sections of continental slope
(Fedorov 1973).

Freshwater or anadromous: Generally the mouth and lower
reaches of rivers and streams.

Other information under Life History includes reproductive mode
(e.g., viviparous, ovoviviparous, oviparous) and indicates whether
eggs and larvae are pelagic or demersal. Data on spawning are
divided into four categories: Season, area, mode, and migration.
Spawning often varies among geographic regions and populations,
so care has been taken to provide as much specific geographic in-
formation as available. Fecundity values are given as counts of ripen-
ing eggs in individual females: Total ranges or (in a few cases) as
a function of length in the form F = al’. Ages at first maturity
and longevity values were extracted from the general literature. If
available, age/length differences between sexes are noted.
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Early life history

Egg and oil globule diameter measurements in millimeters are usual-
ly given as ranges (high and low values) with modal values as
available in parentheses after the range. Precision varies among
literature sources, but specimens used for original measurements
were measured to the nearest 0.1 mm. Egg diameters on the illus-
trations are as they were given in the source. Incubation time, when
available, is given in number of days to hatching for a specific
temperature (°C). When describing embryonic pigment patterns,
emphasis was placed on those characteristics which aid in identifica-
tion. Diagnostic characters usually provide a summary of impor-
tant features and comparisons with similar fish eggs.

Figure 2 provides examples of features used to describe and iden-
tify early stages of fishes. Original measurements of larvae are in
millimeters and given in standard length (SL). Some measurements
extracted from the literature were given as body length (BL),
notochord length (NL), total length (TL), head length (HL), or
percentages of these. Preanal length is usually expressed as a per-
centage of SL. If specific values are not available, preanal lengths
are given as <50% SL, 50-75% SL, or >75% SL. Definitions for
developmental stages are from Ahlstrom et al. (1976) and Kendall
et al. (1984). Transformation is defined as acquisition of the adult
complement of fin rays, and in some taxa this is accompanied by
squamation. Sequence of fin development is usually described as
the order in which fin rays accept alizarin stain, inferring ossifica-
tion. For some taxa the sequence is determined by completion of
the ossification of a fin element rather than the initiation of ossifica-
tion (e.g., G.D. Johnson 1984); this is noted in the text. When three
or more fins develop simultaneously, semicolons are used to separate
the sequence of formation of one or more fins (e.g., dorsal; anal;
caudal, pectoral, and pelvic). Otherwise, commas are used to
separate fins developing individually in sequence (e.g., dorsal, anal,
caudal, pectoral, and pelvic). Precocious fin development is usually
noted. When describing pigment, those melanophores or patterns
of melanophores important in identifying the taxon are stressed.
Generally only melanophores are mentioned, since other pigment
is not visible in formalin-preserved specimens. The general appear-
ance, shape, and relative size of melanophores or groups of melano-
phores are indicated by imprecise descriptors such as spot, patch,
or blotch. Diagnostic pigment characteristics are also indicated
directly on the illustration page. The description of pigment is often
brief and in telegraphic style and is not meant to be a substitute
for more detailed discussions available in complete early-life-
history descriptions. References are provided when more complete
early-life-history descriptions are available. Under Diagnostic
Characters, a brief summary of key features is provided which
may help to distinguish a larval specimen from other similar larvae
in either closely related taxa or from morphologically similar groups.
When possible, comparative information is included in tables and
is cross-referenced.

Data from the files of the late E.H. Ahlstrom are footnoted as
““E.H. Ahlstrom notes.’’ These files contain original lecture notes
for classes conducted on ichthyoplankton taxonomy between 1971
and 1977, early-life-history data for most orders of fishes, and notes
on teleost caudal fins. The files were made available to Kendall
& Matarese by H. Geoffrey Moser (Southwest Fish. Cent., Natl.
Mar. Fish. Serv., NOAA), as authors contributing to Ontogeny and
Systematics of Fishes (Moser et al. 1984b).






Elopomorpha: Notacanthiformes
Anguilliformes

The notacanthiform fishes (spiny eels) and anguilliform fishes (true eels) generally occur worldwide. The spiny eels are primarily
a deep-sea group and are distinguished from the true eels by a number of characters including the absence or reduction of
the caudal fin, the presence of well developed pelvic fins and fin spines, a short dorsal fin, and the presence in larvae of
a thin postcaudal filament. According to Castle (1984), the Notacanthiformes consist of 3 families, 6 genera, and about 22
species; the Anguilliformes, a much larger order, include 21 families, 153 genera, and about 720 species.

The early life history of eels has been studied for many years primarily due to the presence of a distinctive leptocephalus
larval phase, but many species remain inadequately known. Eggs are generally large, pelagic, possess segmented yolks, and
have one or more oil globules. Although few larvae have been collected, at least 12 taxa from at least 9 families are thought
to occur in the study area. Since early life histories are incomplete, this section (except for the nemichthyids) will be described
by family.

Families in study area: Notacanthidae
Xenocongridae
Nemichthyidae
Cyematidae
Synaphobranchidae
Nettastomatidae
Congridae
Serrivomeridae
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ELOPOMORPHA

Leptocephalus larva

—

Anguilliformes

|

Caudal fin small, rounded;
confluent with dorsal and anal fin

Eye telescopic
Synaphobranchidae

]

Eye normal

]

Caudal fin absent; single
long filament present
Notacanthiformes
Notacanthidae

Simple tubular gut

Intestinal pigment
absent, last blood vessel
at myomeres 30-37
Serrivomeridae

l

Intestinal pigment
usually present,

last blood vessel
further posterior

Gut with loops
|

—

1 loop
Eurypharyngidae

No deep pigment
above spinal chord

Gut >50% SL
Congridae
(includes Muraenesocidae)

]

Gut <50% SL
Xenocongridae
(Thalassenchelys coheni
lacks intestinal pigment)

Deep pigment above
spinal chord
Nemichthyidae

2 loops
Nettastomatidae

3 or more loops
Cyematidae

Key to elopomorph leptocephali in the Northeast Pacific (after Smith 1979 and Fahay 1983, in part).
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Eels ELOPOMORPHA

Table 5
Meristic characters of superorder Elopomorpha.
Vertebrae Fins
Precaudal Caudal
Taxon Distribution (Total) Dorsal Anal Pectoral Pelvic Caudal
Notacanthiformes
Notacanthidae (234-244)
Notacanthus chemnitzi Cent. Calif.*-Oregon 47-55 VII-X or XI-XXV, 10-17 LIV, Absent
(234-239) 1X,2-3 115-132 6-10
Polyacanthonotus challengeri Oregon-Bering Sea (242-244) XXXII-XXXV 161-162 12-13 I, 8 Reduced
Anguilliformes
Xenocongridae (97-163)
Thalassenchelys coheni 67-74 83-92 280-350 218-260 Absent Absent Absent
(142-163)
Nemichthyidae (170-400+)
Avocettina infans SSC-Aleutian Is. (181-201) 300-350 265-270 Absent Reduced
Nemichthys larseni SSC-Oregon 79-84 10-12 Absent
(400-750)
Nemichthys scolopaceus SSC-Aleutian Is. (293-750) 307-450 312454 10-14 Absent Reduced
Cyematidae (74-108)
Cyema atrum SSC-Oregon 38-43 79-83 72-86 12-15 Absent 5
(74- 80)
Synaphobranchidae (126-172)
Histiobranchus bathybius Bering Sea (126-151) 265-302 188-203 15-17 Absent 18
Nettastomatidae (186-290)
Venefica sp. A Cent. Calif.-Wash. (199-224) 310+ 325 Absent 12
Congridae (120-261)
Xenomystax atrarius SSC-Brit. Col. 50-57 107-123 253-292 189-214 11-14 Absent 7-8
(141-219)
Serrivomeridae (137-170)
Serrivomer jesperseni Brit. Col. 89-125 141-161 127-161 6-7 Absent Reduced
(147-169) (6 principal)
Eurypharyngidae (97-125)
Eurypharynx pelecanoides N. Calif.? (97-125) 155-196 118-147 11 Absent Absent in adult
%Lea and Rosenblatt (1987)
®One specimen collected off northern California.

Anguilliformes

Primary characters used in identifying anguilliform leptocephali are the following (Ref: E.H. Ahlstrom notes, Castle 1984,
Fahay 1983, Smith 1979):

Body shape May vary from slender to deep-bodied, and the tail may be tapered or rounded.

Head characteristics Size of the head relative to the body may vary; also important are head shape (blunt, sharp, or elongate),
snout shape, nasal organ (size and position), eyes (round, narrow, or telescopic), and teeth (presence/absence, fanglike
if present).

Number of myomeres Usually 100-250; exceptions include Cyema (<100) and Nemichthys (>750). Preanal and predorsal
counts are also useful.

Gut characteristics Gut may be a simple straight tube or more complex with loops or swellings. Relative length of gut
can range from <50% SL to >90% SL, although most eels have gut lengths between 50-70% SL.

Position of vertical blood vessels Variation in the position of the last blood vessel.

Pigmentation General body pigment may be located above/below the gut, along body midline, above/below notochord in-
ternally, or along the dorsal body margin. Pigment may be in the form of fine stippling or large stellate melanophores
(blotches). Head pigment also varies.

Size at transformation Maximum size before transformation can vary from <100 mm SL (most families) to ~400 mm SL
(nemichthyids).

Fins Dorsal and anal fins are confluent with the caudal fin, caudal fin is usually markedly reduced with 10 or fewer rays
(about 5-11 with highest numbers in synaphobranchids); pectoral fin is moderate, reduced, or lacking, and fin rays usually
form late, i.e., after the leptocephalus stage. Pelvic fin is absent.
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ELOPOMORPHA

Notacanthidae (234-244 myomeres)* Notacanthus chemnitzi and Polyacanthonotus challengeri both occur in the study area
but their early life histories are unknown, as is the case of most notacanthids. Leptocephalus giganteus (identity unknown)
from outside the study area is presented for comparison only. Notacanthid larvae are easily separable from larvae of true
eels. Among the most notable characters are the following: Greatly elongate shape, thin postcaudal filament, and pigment
which occurs in a ventral series.

Xenocongridae (97-163 myomeres) Thalassenchelys coheni (142-163) may or may not belong with the xenocongrids. These
larvae are quite unusual, with a short, deep body, rounded tail, and lack of pigment. They appear to be widely distributed
in the northeastern Pacific from Washington to south of southern California.

Cyematidae (74-80 myomeres, most 74-78) Cyema atrum larvae are identified by their deep body shape, pointed head
and tail, 3-4 gut loops on posterior half of gut, and low myomere count. Pigment is scattered over the lateral body surface,
on the snout and lower jaw, and along the gut, especially on the loops. Other general features include gut length ~67% SL
and dorsal fin origin approximately above anus. Size at transformation is 60-70 mm SL.

Synaphobranchidae (subfamily Synaphobranchinae) (126-151 myomeres) Synaphobranchinae are represented in the Nor-
theast Pacific by Histiobranchus bathybius but their larvae are unknown. Larvae in other members of the subfamily are iden-
tified by their telescopic eye, general lack of pigment, and the broad white stripe formed by an opaque central area of myomeres
around the notochord. The body is moderately elongate and the head is short and pointed. The dorsal fin origin is anterior
to the anus. The gut is usually relatively simple, unpigmented, and about 75% SL. Some taxa have loops in the gut. Ventral
pigment is lacking, and lateral pigment is restricted to the postanal body. Some genera have a prominent pigment spot lateral-
ly, near the level of the anus. Size at transformation is 130-170 mm SL.

*Vertebral range is given for taxa in the study area. When no data are available, the range of counts for family is given (Table 5).

Ref: E.H. Ahlstrom notes, Castle 1984, Castle and Raju 1975, Fahay 1983.
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Eels

ELOPOMORPHA

NOTACANTHIDAE
A Leptocephalus giganteus

SRS e
———
e

390 mm TL

Tail filament

XENOCONGRIDAE

Thalassenchelys coheni

Unpigmented

B e e e e A g L S

190 mm SL

CYEMATIDAE

Cyema atrum

Pointed
head

3—4 gut loops

SYNAPHOBRANCHIDAE
Synaphobranchus sp.

Telescopic eye Unidentified synaphobranchid
29 mm SL

Figures A, D, Castle 1984; B, NWAFC original (B. Vinter); C, E, Smith 1984,
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ELOPOMORPHA

Nettastomatidae (186-290 myomeres) Nettastomatids are represented in the Northeast Pacific by Venefica sp., but their
larvae are unknown. Larvae in the family are identified by their gut characteristics (presence of two loops and gut length
<50% SL) and moderately long head. The body is deep to elongate and the tail is pointed. The dorsal fin origin is posterior
to the head but well anterior, at myomeres 11-12. Ventral and lateral pigment is variable. Size at transformation is also variable
but occurs between 120 and 200 mm SL.

Congridae (141-219 myomeres) Congrids are represented in the area by Xenomystax atrarius, a member of the subfamily
Muraenesocinae (larvae unknown). Xenomystax is closely related to Paraxenomystax (Smith 1979). Members of this sub-
family are sometimes considered part of a separate family. Their larvae have a moderately elongate body with the gut length
about 75% SL. Pigment occurs on the head, widely spaced along the throat to anus, and below the lateral midline in the
form of a row of large spots. Size at transformation is probably similar to the congrids with most at 100 mm SL but some
up to 200-300 mm SL.

Serrivomeridae (147-169 myomeres) Serrivomer jesperseni larvae are identified by a head shape that is sharp and slightly
concave, pointed tail, simple gut with a length of ~75% SL, and a small nasal organ near the eye. The dorsal fin origin
is located anterior to the anus. The last blood vessel occurs between myomeres 30-37. Pigment may be located variously
over the lateral body surface, but ventral pigment is lacking. Other pigment appears along the dorsal and anal fin bases and
in a cluster on the orbit above the eye. Size at transformation is 60 mm SL.

Eurypharyngidae (97-125 myomeres) Eurypharynx larvae are identified by their short, deep head and body, gut about
50-67% SL with one loop posteriorly, and pointed tail. Ventral pigment is limited to the gut loop. Size at transformation
is 30-40 mm SL.

Ref: E.H. Ahlstrom notes, Castle 1984, Fahay 1983, Smith 1979.
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Eels ELOPOMORPHA

NETTASTOMATIDAE
A Saurenchelys sp.

Two gut loops

CONGRIDAE

Paraxenomystax sp.

B _

Large spots below lateral line

SERRIVOMERIDAE

D Serrivomer jesperseni
Sharply
pointed
head
/ R IRURERILRARLE A “U'lnllnlnnnmnzuuunrnuull""\ /"/A
( / 36 mm SL
EURYPHARYNGIDAE

FEurypharynx pelecanoides

- 4
\ﬂ 19 mm SL

One gut loop

Figure A, Smith 1984; B—C, Smith 1979; D, Bauchot 1959; E, Fahay 1983 (after Smith 1979).
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NEMICHTHYIDAE

Avocettina infans (Glinther 1878)

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 181-193-201 EGGS
Precaudal: X-X-X Diameter
Caudal: X-X-X No. of oil globules
Branchiostegal rays X-X-X Oil globule diameter
Caudal fin Reduced Yolk
Pelvic fin Absent Envelope
Dorsal fin R: 279-339-432 Hatch size

D100: 130-164-210?

R: 14-16-18

R: 240-299-372

A100: 103-138-1762

U: X-X-X L: X-X-X

Pectoral fin
Anal fin

Gill rakers

LIFE HISTORY

Range South of southern California to
Aleutian Is., 51-55°N
Ecology Meso- and bathypelagic,
510-4580 m
ELH pattern Oviparous, pelagic eggs, pelagic
larvae
Spawning Season:
Area:
Mode:
Migration:
Fecundity Range/function:
Age at first maturity
Longevity

“The total dorsal and anal fin ray counts and the number of lateral line pores and
vertebrae are often of no value; they are not comparable because caudal parts are
often missing and regeneration may have occurred. Nielsen and Smith (1978) in-
troduced artificial lengths/counts with a greater comparative value which we employ
here (see their Materials and Methods section for a complete discussion), e.g., D200,
A200 = number of fin rays anterior to vertebrae no. 201.

bAccmding to Smith (1979), there are three blotches of internal lateral pigment spots
which become less prominent with growth.

Ref: Castle 1984, Nielsen and Smith 1978, Smith 1979.
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Incubation time/temp.
Pigment

Diagnostic characters

LARVAE

Preanal length
Length at flexion
Length at transformation
Sequence of fin
development
Pigment
® Small spots on top of spinal cord, at least
posteriorly
® Row of spots dorsally along gut length, ventral row
anterior to stomach
e Several groups (usually three) of internal spots along
body subaxially—about four spots in each group®
® Dorsal and anal fin bases

Dorsal and anal (late)

Diagnostic characters
Distinguished from Nemichthys spp. by
® Body less elongate
e Caudal structure (tail more round, not filiform)
e Position of liver and last blood vessel, 30th and
70-88th myomere, respectively
® Number of myomeres (181-201)



Blackline snipe eel NEMICHTHYIDAE

Three groups of lateral spots 20 mm SL
B becoming less prominent with growth

45 mm SL

/

Simple gut

/
’@,

111 mm SL

- Spots on spinal cord

Ventral row extends R f mel h
to stomach Ow ol melanophores
along length of gut

Figures A—D, Smith 1979.
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NEMICHTHYIDAE

Nemichthys scolopaceus Richardson 1848

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 300-300-300 EGGS
Precaudal: 77-85-105 Diameter
Caudal: X-X-X No. of oil globules
Branchiostegal rays  7-X-15 Oil globule diameter
Caudal fin Reduced Yolk
Pelvic fin Absent Envelope
Dorsal fin R: 330-330-330 Hatch size
D200: 170-207-2532 Incubation time/temp.
Pectoral fin R: 10-11-14 Pigment

Anal fin R: 320-320-320
A200:186-218-2732

Gill rakers U: X-X-X L: X-X-X

LIFE HISTORY

Range South of southern California to
Brit. Col., 48°30"-55°N
Ecology Epi-, meso-, and bathypelagic,
91-1829 m
ELH pattern Oviparous, pelagic eggs, pelagic
larvae
Spawning Season:
Area:
Mode:
Migration:
Fecundity Range/function:
Age at first maturity
Longevity

4See Avocettina infans.

Ref: Castle 1965, 1984; Nielsen and Smith 1978.
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Diagnostic characters

LARVAE

Preanal length
Length at flexion
Length at transformation ~200 mm SL
Sequence of fin Dorsal and anal (late)
development
Pigment
¢ Three prominent spots laterally below midline in
small larvae (lower on body than on Avocettina
infans)
® Above gut along length
® Above spinal cord

Diagnostic characters
¢ Elongate with filiform tail
® Number of myomeres (>300)
Distinguished from A. infans by
® Position of liver (myomere 40) and last vertical
blood vessel (80-100th myomere)

Nemichthys larseni larvae are not known but adults occur
within the study area. See Table 5 for data on adults. Addi-
tional meristic characters from Nielsen and Smith (1978) are:
D200, 173-205-222; A200, 164-200-208. See A. infans
(p- 38, footnote a).



Slender snipe eel NEMICHTHYIDAE

o T 15 mm SL

B Three spots laterally below midline

72 mm SL

Lateral spots less intense

182 mm SL

Melanophores
above spinal cord

i
DI

D7 R
0,
))\\.\)\\\))S\\\\\»sss§§<<§<<<§s's'«:«~,z;;;;;;;;;««:z.;,..,.rh_\,ﬁ\ S ores

Filiform tail
Figures A—F, Smith 1979.
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Clupeiformes

The Clupeiformes (herrings, anchovies) are generally small, coastal marine fishes that occur worldwide. Most species form
schools and swim near the surface in nearshore waters, feeding on plankton. They have specialized gill rakers for straining
large amounts of water. The order consists of 4 families, 78 genera, and about 317 species (McGowan and Berry 1984).
Clupeids generally lay demersal eggs whereas engraulidids have pelagic eggs that are sometimes ellipsoidal in shape. Larvae
are elongate and similar in appearance but may be distinguished by myomere counts and pigmentation characters.

Families in study area: Clupeidae
Engraulididae
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CLUPEIDAE

Clupea pallasi Cuvier and Valenciennes 1847

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 46-52-572 EGGS

Precaudal: 29-31-32 Diameter 1.3-1.7 mm

Caudal: 19-22-22 No. of oil globules None
Branchiostegal rays  8-X-9 Oil globule diameter
Caudal fin 9, 10+9, 89 Yolk Segmented
Pelvic fin Abdominal Envelope Smooth, clear, thick

R: 9-9-9 Hatch size 5.6-7.5 mm SL (7 mm);
Dorsal fin R: 15-18-21 yolk absorbed 9-10 mm SL
Pectoral fin R: 17-17-17 Incubation time/temp. 14-15 d/8.5°C
Anal fin R: 13-16-20 Pigment
Gill rakers U: 20-20-20 L: 45-45-45¢2

LIFE HISTORY

Range
Ecology
ELH pattern

Spawning

Fecundity

Age at first maturity

Longevity

#McGowan and Berry (1984) report total vertebral counts of 53-60 and lower gill

raker counts of 37-52.

South of southern California to
Arctic, not specific

Nearshore shelf pelagic,
0-137 m;® 475 m®

Oviparous; demersal, adhesive
attached eggs; pelagic larvae

Season: Jan-Apr (California),
Mar-June (Alaska)d

Area: Demersal (usually on
vegetation), nearshore®

Mode: Schools®

Migration: Inshore®

Range/function: 6300-41,000/
F=0.000000436 X L*71,
L=SL mmf

2-4 yr (Puget Sound)f

2-6 yr (Bering Sea)8

>19 yrh

® Alaska Department of Fish and Game 1985

Allen and Smith 1988
dScattergood et al. 1959
€Schaefer 1937

fKatz 1942

2Rudomilov 1972

"Fitch and Lavenberg 1975

Ref: Garrison and Miller 1982, Grant 1986, McGowan and Berry 1984.

Diagnostic characters
® Wide perivitelline space

LARVAE
Preanal length 72% SL
Length at flexion 18 mm SL

Length at transformation 26-35 mm SL
Sequence of fin Caudal, dorsal, anal,
development pelvics, pectorals
Pigment
o Isthmus, thoracic region
® Gut: Dorsal, midventral (midventral melanophores
on intestine usually paired, sometimes slightly
offset)
® Caudal, hypural

Diagnostic characters (see Table 4)
Distinguished from Engraulis mordax (p. 48) by
® More myomeres (usually >50)
e Longer gut (consistently >70% SL)
e Placement of dorsal fin relative to anus
(6-7 myomeres between dorsal and anal fins)
® Less isthmus pigment
® Prominent swimbladder in E. mordax
¢ Dorsal spots at notochord tip usually not in E. mordax
® Generally more pigmented
Distinguished from Sardinops sagax by
® Presence of posteroventral pigment on gut
® Dorsal spots at notochord tip usually not in S. sagax

See also Mallotus villosus (p. 80) and Ammodytes hexapterus
(p. 540)



Pacific herring CLUPEIDAE

Number of myomeres, gut length 10.4 mm SL

6—7 myomeres between dorsal
C and anal fins

Gut pigment: anterodorsal, posteroventral 19.0 mm SL

e —;—.’_f.;%

15.0 mm SL

Dorsal spots at
notochord tip

End of dorsal base ]
anterior to anus 23.8 mm SL

Figure A, Uchida et al. 1958; B—E (D, ventral view), NWAFC originals (B. Vinter).
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CLUPEIDAE

Sardinops sagax (Jenyns 1842)

MERISTICS? EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 48-X-54 EGGS
Precaudal: 28-29-30 Diameter 1.34-2.05 mm
Caudal: 22-22-23 No. of oil globules One
Branchiostegal rays  6-X-10 Oil globule diameter 0.16 mm
Caudal fin 7-9, 10+9, 6-8 Yolk Irregularly segmented
Pelvic fin Abdominal Envelope Smooth, thin
R: 8-8-8 Hatch size 3.5-3.75 mm SL
Dorsal fin R: 17-X-20 Incubation time/temp. 2.5 d/17°C; 2.5-4 d/
Pectoral fin R: 17-17-17 13-16°Ce
Anal fin R: 17-X-20 Pigment
Gill rakers U: 21-X-23 L:44-X-45

LIFE HISTORY

Range

Ecology
ELH pattern

Spawning

Fecundity
Age at first maturity
Longevity

South of southern California to
SE Alaska, 55-59°N

Nearshore shelf pelagic, 0-80 mP

Oviparous, pelagic eggs, pelagic
larvae

Season: Winter-summer®

Area: Near surface in coastal
and offshore waters®

Mode: Pelagic, schools

Migration:

Range/function: 30,000-65,000°¢

1-2 yrb

10 yr®, possibly 25 yrd

#Meristics include information from McGowan and Berry 1984.

Frey 1971
“Hart 1973
4Fitch and Lavenberg 1971
€Garrison and Miller 1982

Ref: McGowan and Berry 1984.
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Diagnostic characters
® Wide perivitelline space

LARVAE
Preanal length >75% SL
Length at flexion 9.0-14.0 mm SL

Length at transformation 35 mm SL
Sequence of fin Caudal, dorsal, anal,
development pelvics, pectorals
Pigment
® Row of melanophores along dorsal surface of gut
and along ventral midline
® Melanophores over anterior gut appear dash-like,
and those over posterior gut become larger and
more intense with development

Diagnostic characters (see Table 4)
e See Clupea pallasi (p. 44)
® Dash-like melanophores along anterior surface of gut
Distinguished from C. pallasi by
® Lack of posteroventral pigment on gut
Distinguished from Engraulis mordax (p. 48) by
® Dorsal and anal fin placement (6-8 myomeres
between fins)



Pacific sardine CLUPEIDAE

A

Gut pigment restricted to dorsal surface 6.1 mm

1.34—2.05 mm

Melanophores appear dash-like
along the anterior half of gut

6—8 myomeres between
dorsal and anal fin

19.7 mm

Figure A, Matarese and Sandknop 1984; B—F, Kramer 1970. Stippling in these figures is not pigment.
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ENGRAULIDIDAE

Engraulis mordax Girard 1854

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 43-46-47 EGGS
Precaudal: 24-25-26 Diameter 1.23-1.55 mm X 0.6-0.8 mm
Caudal: 19-20-21 No. of oil globules None
Branchiostegal rays 14-14-14 Oil globule diameter
Caudal fin 8-10, 10+9, 8-10 Yolk Segmented
Pelvic fin Abdominal Envelope Smooth, transparent
R: 6-6-6 Hatch size 2.5-3.0 mm SL; yolk
Dorsal fin R: 14-X-19 absorbed 3.5-4.0 mm SL
Pectoral fin R: 13-X-20 Incubation time/temp.
Anal fin R: 19-X-26 Pigment
Gill rakers U: 28-X-41 L: 37-X-45

LIFE HISTORY

Range South of southern California to
Brit. Col., 48°30°-55°N
Ecology Epi- and mesopelagic, 0-300 m?

ELH pattern Oviparous, pelagic eggs, pelagic

larvae

Spawning Season: May® to mid-Aug®;
year-round (California)d
Area: Pelagic
Mode:
Migration:
Fecundity Range/function: 4025¢-30,000f
Age at first maturity 1-2 yre
Longevity 7 yrhb

?Pacific Fisheries Management Council 1978
PKendall and Clark 1982

©Blackburn 1973

dLasker and Smith 1977

¢Frey 1971

fBaxter 1967

EClark and Phillips 1952

"Hart 1973

Ref: McGowan and Berry 1984, Wang 1981.
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Diagnostic characters
® Ovoid
® Narrow perivitelline space

LARVAE

Preanal length 60-66% increasing to
75% SL, decreases in
postflexion larvae

Length at flexion

Length at transformation

Sequence of fin
development

Pigment
e Isthmus
® Row of melanophores along dorsal surface of gut

continuing along ventral body midline
® Ventral pigment on gut beginning about midway

Caudal, dorsal, anal,
pelvics, pectorals

Diagnostic characters (see Table 4)

e See Clupea pallasi (p. 44)

e Isthmus pigment present

® Dorsal and anal fin placement (0-2 myomeres
between fins)

® Midventral melanophores on intestine usually stag-
gered, not single as in osmerids, and usually not as
evenly paired as in C. pallasi



Northern anchovy ENGRAULIDIDAE

A
B

Isthmus pigment Prominent
swimbladder 11.5

0—2 myomeres between
dorsal and anal fins

18.4 mm

A Ve B

T et o iy ey

Figure A, Bolin 1936; B—F, Kramer and Ahlstrom 1968. Stippling in these figures is not pigment.
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Salmoniformes

The salmoniform fishes (salmons, smelts, deep sea smelts, and others) are primarily freshwater spawners except for members
of the Argentinoidei, the largest taxon of salmoniforms with marine eggs and larvae in our area. There is much disagreement
as to the composition of the order (see Fink 1984). In our area, it consists of 4 suborders, 15 families, 90 genera, and about
320 species (J. Nelson 1984). The argentinoids are mostly deep-sea fishes. Eggs are pelagic and have distinctive pustules
on the inner surface of the egg membranes; larvae have a variety of forms. Larval characters include presence/absence of
eyestalks, unique development of median fins, and distinctive pigment patterns. Pigment patterns for bathylagids are dis-
cussed according to the categories described by Ahlstrom et al. (1984b)—species with large, isolated melanophores and those
with a linear series of small melanophores.

A summary of meristic characters is included for Alepocephalidae and Platytroctidae. Although salmon parr are occasionally
collected in plankton tows, they are not treated here. Information on their early life history is reviewed in Kendall and Behnke
(1984).

Families in study area: Argentinidae
Bathylagidae
Opisthoproctidae
Alepocephalidae
Platytroctidae
Osmeridae
Salmonidae
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ARGENTINIDAE

Argentina sialis Gilbert 1890

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 47-X-51 EGGS
Precaudal: 30-31-32 Diameter 1.31-1.66 mm
Caudal: 16-18-18 No. of oil globules One, at vegetal pole
Branchiostegal rays  5-5-5 Oil globule diameter 0.27-0.46 mm
Caudal fin 12, 10+9, 11 Yolk Segmented
Pelvic fin Abdominal Envelope Pustules (pronounced raised
R: 10-11-12 bumps on inner surface)
Dorsal fin R: 10-X-13 Hatch size
Pectoral fin R: 11-X-18 Incubation time/temp.
Anal fin R: 12-X-15 Pigment
Gill rakers U: 7-8-9 L:14-17-20

LIFE HISTORY

Range South of southern California to
Oregon, 42-46°N
Ecology Epi- and mesopelagic, 11-274 m

ELH pattern Oviparous, pelagic eggs, pelagic

larvae

Spawning Season: Jan-spring?

Area:

Mode:

Migration:
Fecundity Range/function:
Age at first maturity
Longevity >5 yr2

Fitch and Lavenberg 1968

b Transformation: Morphological changes (deepening of body, lengthening of snout,
enlargement of eye) and folding of anterior gut to form stomach, along with mask-
ing of larval pigment, occur at 25-30 mm. Pelagic juveniles may occur at 50-100 mm.

Ref: Ahlstrom et al. 1984b.
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Diagnostic characters
® Pustules more pronounced than in bathylagid eggs

LARVAE
Preanal length 76-84% SL
Length at flexion >9 mm SL

Length at transformation 25-30 mm SL (prolonged)®
Sequence of fin Caudal, dorsal and anal,
development pectorals, pelvics
Pigment
e Internal head pigment
e Series of ventral trunk blotches extending from
pectoral fin to end of gut
e 1-2 large blotches postanal with a large caudal blotch
® Blotches expand with development (see figure)

Diagnostic characters
® Transverse rugae lining gut
¢ Fin rays form in finfold, away from body margin
Distinguished from Nansenia candida by
® Presence of internal head pigment
® Caudal pigment on preflexion larvae
e Fewer spots over gut



Pacific argentine ARGENTINIDAE

Egg envelope with
pronounced pustules
(not shown on figure)

1.5 mm

Internal head 9.0 mm
pigment

Fin rays form in finfold,
away from body margin

\ Caudal pigment

— o

Figures A—E, Ahlstrom et al. 1984b.
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ARGENTINIDAE

Nansenia candida® Cohen 1958

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 44-X-47 EGGS

Precaudal: X-X-X Diameter 1.39-1.56 mm

Caudal: X-X-X No. of oil globules One, at vegetal pole
Branchiostegal rays 3-3-3 Oil globule diameter 0.41-0.49 mm
Caudal fin 11, 10+9, 14 Yolk
Pelvic fin Abdominal Envelope Pustules

R: 9-10-10 Hatch size
Dorsal fin R: 9-X-10b Incubation time/temp.
Pectoral fin R: 9-X-11b Pigment
Anal fin R: 8-X-9
Gill rakers U: 12-12-12 L: 18-18-18

Diagnostic characters
¢ Pustules
LIFE HISTORY
Range South of southern California to LARVAE
Gulf of Alaska, 54-60°N Preanal length 74-82% SL
Ecology Epi- and mesopelagic, Length at flexion
2'00‘1000 m* ] . Length at transformation ~15 mm SL
ELH pattern Oviparous, pelagic eggs, pelagic Sequence of fin Caudal, dorsal, anal,
) larvae development pectorals, pelvics

Spawning Season: Pigment

Area: * Embedded pigment above gut

Mf)de:. _ e Superficial head pigment (>8.4 mm SL)

) Migration: ) e With development, embedded line of melanophores

Fecundity _ Range/function: running length of body
Age at .ﬁl‘St maturity e Conspicuous caudal pigment
Longevity

AReferred to by Ahlstrom as northern Nansenia (E.H. Ahlstrom notes).
® Ahlstrom et al. 1984b
“Cohen 1958

Ref: Ahlstrom et al. 1984b.

® Ventral pigment from isthmus along anterior 2/3 of
gut

Diagnostic characters
® Transverse rugae lining gut only in posterior sec-
tion, anteriorly an elongate s-shaped fold is present
along with longitudinal rugae
¢ Fin rays form in finfold, away from body margin
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Bluethroat argentine ARGENTINIDAE

5.1 mm SL

Transverse rugae

Figures A, C, Ahlstrom et al. 1984b; B, NWAFC original (B. Vinter).
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BATHYLAGIDAE

Bathylagus bericoides (Borodin 1929)

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 48-X-53 EGGS

Precaudal: X-X-X Diameter

Caudal: X-X-X No. of oil globules
Branchiostegal rays 2-2-2 Oil globule diameter
Caudal fin X, 10+9, X Yolk
Pelvic fin Abdominal Envelope

R: 9-X-102 Hatch size
Dorsal fin R: 10-10-11 Incubation time/temp.
Pectoral fin R: 10-10-12 Pigment
Anal fin R: 18-X-222
Gill rakers U: X-X-X L: X-X-X

LIFE HISTORY

Range Cent. California, 34-38°N, to
Oregon, 42-46°N
Ecology Mesopelagic, 200-1000 m
ELH pattern Oviparous, pelagic eggs, pelagic
larvae
Spawning Season:
Area:
Mode:
Migration:
Fecundity Range/function:
Age at first maturity
Longevity

# Ahlstrom et al. 1984b

®Transformation: Direct, marked in all species; slender body becoming deeper with
development, large head and eyes, gut coils and becomes covered by black peritoneal
sheath.

Ref: Ahlstrom et al. 1984b.

Diagnostic characters

LARVAE

Preanal length
Length at flexion
Length at transformation®
Sequence of fin Caudal, dorsal, anal,
development pectorals, pelvics
Pigment - Linear series of small melanophores
® Series of melanophores (up to 18) along lateral gut
¢ With development to late postflexion, additional
pigment appears on lower jaw, isthmus, opercle,
pectoral fin base, and lateral caudal peduncle

84-89% SL

Diagnostic characters

® Anterior section of gut smaller in diameter compared
with other species (see illustration)

¢ Eye stalks longer and persist into later larval stages
(65% HL)

¢ Fin rays form in finfold, away from body margin

Distinguished from other bathylagids with eyestalks by

® Linear series of small melanophores

® B. pacificus has large, isolated spots, long eyestalks,
and less intense pigment

® B. ochotensis has shorter stalks and more intense
pigment



BATHYLAGIDAE

“;} Length of
\ \  eye stalks
\ O\
\\\ \
N

11.7 mm SL

17.7 mm SL

Diameter of the anterior

portion of gut is smaller than

on other Bathylagus spp. Melanophores along
lateral gut surface

Figures A—B, Ahlstrom et al. 1984b (North Atlantic specimen).
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BATHYLAGIDAE

Bathylagus milleri Jordan and Gilbert 1898

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 50-X-55 EGGS
Precaudal: 18-X-21 Diameter

Caudal: 30-X-34

Branchiostegal rays 2-2-2
Caudal fin 16-18, 10+9, 15-17
Pelvic fin Abdominal
R: 6-X-8
Dorsal fin R: 6-X-9
Pectoral fin R: 11-X-16
Anal fin R: 20-X-28
Gill rakers U: X-X-X L: 25-X-272
LIFE HISTORY
Range S. California, 32-34°N, to
Bering Sea, 54-66°N
Ecology Epi- and mesopelagic, 60-1000 m
ELH pattern Oviparous, pelagic eggs, pelagic
larvae
Spawning Season:
Area:
Mode:
Migration:
Fecundity Range/function:

Age at first maturity
Longevity

#E.H. Ahlstrom notes

Ref: Ahlstrom et al. 1984b.
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No. of oil globules
Oil globule diameter

Yolk Segmented

Envelope Pustules on inner surface
Hatch size

Incubation time/temp.

Pigment

Diagnostic characters

LARVAE

Preanal length
Length at flexion
Length at transformation Larval characters visible to
50 mm SL
Sequence of fin Caudal, dorsal, anal,
development pectorals, pelvics
Pigment - Large isolated melanophores
® Preflexion larvae: Pigment on lower jaw, midgut,
and tail
¢ Flexion larvae
—Opposing dorsal and ventral midline melanophores
—Large melanophores on head and pectoral fin base
—Large lateral blotch at base of caudal fin

59-61% SL

Diagnostic characters

e Gut shorter (usually only 50% SL) than in other
species

® Eye rounder and larger than in other bathylagids
(not stalked)

¢ Fin rays develop in finfold, away from body margin

Distinguished from other bathylagids without eyestalks by

e Large isolated spots

® B. wesethi has a series of melanophores along
hypaxial region, large eye, and spots posteriorly
along dorsal midline

® Leuroglossus spp. larvae have smaller eyes and no
dorsal spots



Robust blacksmelt BATHYLAGIDAE

Caudal blotch

Midgut blotch 15.0 mm SL
Lower jaw spot

B No eye stalks

9.5 mm SL

Opposing dorsal and
ventral midline blotches

27.5 mm SL

Large melanophores on head
and pectoral fin base

Figure A, NWAFC original (B. Vinter); B—C, Ahlstrom et al. 1984b.
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BATHYLAGIDAE

Bathylagus ochotensis Schmidt 1938

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 47-X-49 EGGS
Precaudal: 25-26-27 Diameter 0.92-1.1 mm

Caudal: 21-22-23

Branchiostegal rays 2-2-2
Caudal fin 13-14, 1049, 15-16
Pelvic fin Abdominal
R: 9-10-10
Dorsal fin R: 9-11-12
Pectoral fin R: 9-10-11
Anal fin R: 12-X-15
Gill rakers U: X-X-X L: 28-28-282

LIFE HISTORY

Range South of southern California to
Bering Sea, 54-66°N
Ecology Epi- and mesopelagic, 49-900 m

ELH pattern Oviparous, pelagic eggs, pelagic

larvae

Spawning Season: Jan-Feb?
Area: Off continental slope®
Mode:
Migration:

Fecundity Range/function:

Age at first maturity

Longevity

“E.H. Ahlstrom notes

®Wang 1981

¢ Ahlstrom 1965

9Numerous globules at vegetal pole which coalesce to one clump at each equatorial

pole.

Ref: Ahlstrom et al. 1984b.
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No. of oil globules >10, usually coalesce to
1 in late staged

Oil globule diameter

Yolk Segmented

Envelope Pustules on inner surface
Hatch size

Incubation time/temp.

Pigment

e Unpigmented

Diagnostic characters
® Lack of pigmentation in late-stage eggs

LARVAE

Preanal length
Length at flexion
Length at transformation
Sequence of fin Caudal, dorsal, anal,
development pectorals, pelvics
Pigment - Linear series of small melanophores
e Series of melanophores develops on hypaxial
myomeres
¢ Epaxial melanophores limited to posterior body
e Series along posterior gut
® May occur on urostyle at sizes <7.9 mm SL

81-90% SL

Diagnostic characters

¢ Eye stalks

Distinguished from other bathylagids with linear series
of smaller melanophores by

¢ Posterior gut melanophores larger and fewer

® Anterior region of gut lacks pigment

® Epaxial myomere series limited to posterior region

® Fin rays form in finfold, away from body margin

Distinguished from B. bericoides by

® Small B. bericoides larvae are unavailable but pre-
sumably eye stalks are longer at comparable stages

Distinguished from B. pacificus by

¢ Series of melanophores as opposed to isolated spots



Popeye blacksmelt BATHYLAGIDAE

A

1.1 mm

7.9 mm SL

Series of spots along hypaxial myomeres

8.5 mm SL

Epaxial series of melanophores
on posterior of body only

A g R ~
i L2 2 I o

Ay

A N R LRt 2 T T TN

Posterior gut subdivided,
and with pigment

Anterior gut larger than posterior gut,
lacks pigment

Figures A, C—D, Ahlstrom et al. 1984b; B, NWAFC original (B. Vinter).
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BATHYLAGIDAE

Bathylagus pacificus Gilbert 1890

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 44-X-49 EGGS
Precaudal: 18-X-25 Diameter

Caudal: 21-X-28

Branchiostegal rays 2-2-2
Caudal fin 13, 10+9, 13-14
Pelvic fin Abdominal
R: 7-X-10
Dorsal fin R: 8-X-9
Pectoral fin R: 7-X-11
Anal fin R: 15-X-22
Gill rakers U: X-X-X L: 28-X-322

LIFE HISTORY

Range S. California, 32-34°N, to
Bering Sea, 54-66°N
Ecology Epi- and mesopelagic, 149-1000 m
ELH pattern Oviparous, pelagic eggs, pelagic
larvae
Spawning Season: Feb-Mar;® spring®
Area:
Mode:
Migration:
Fecundity Range/function:
Age at first maturity
Longevity

*E.H. Ahlstrom notes
®Wang 1981
“Fitch and Lavenberg 1968

Ref: Ahlstrom et al. 1984b.
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No. of oil globules
Oil globule diameter
Yolk

Envelope

Hatch size

Incubation time/temp.
Pigment

Segmented
Pustules

Diagnostic characters

LARVAE

Preanal length
Length at flexion
Length at transformation
Sequence of fin Caudal, dorsal, anal,
development pectorals, pelvics
Pigment - Large isolated melanophores
¢ Early larvae have large lateral blotch at midbody
and another posteriad, becoming located on trunk
with development
e Third blotch forms midway between and below
other two blotches
e Fourth lateral trunk blotch forms in some late larval
specimens between pectoral fin and large midbody
blotch
¢ Other melanophores form lateral to liver and
terminal section of gut
e Also isthmus/thoracic, dorsal gut, caudal, and two
bands on body (early)

76-85% SL

Diagnostic characters
e Stalked eyes
® Fin rays form in finfold, away from body margin
® Only bathylagid with stalked eyes and pigment
consisting of large isolated spots



Pacific blacksmelt BATHYLAGIDAE

A Caudal blotch

11.6 mm SL

Midgut blotch Hindgut blotch

17.6 mm SL

Large isolated melanophores

Figures A—B, NWAFC original (B. Vinter); C, Ahlstrom et al. 1984b.
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BATHYLAGIDAE

Bathylagus wesethi Bolin 1938

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 43-X-46 EGGS
Precaudal: 23-23-23 Diameter 0.90-1.10 mm

Caudal: 22-22-22
Branchiostegal rays 2-2-2

Caudal fin 14-15, 10+9, 14-15
Pelvic fin Abdominal
R: 9-X-11
Dorsal fin R: 11-12-13
Pectoral fin R: 9-10-11
Anal fin R: 14-X-16
Gill rakers U: 8-8-8 L: 16-X-17

LIFE HISTORY

Range South of southern California to
Oregon, 42-46°N
Ecology Epi- and mesopelagic, 40-1000 m
ELH pattern Oviparous, pelagic eggs, pelagic
larvae
Spawning Season:
Area:
Mode:
Migration:
Fecundity Range/function:
Age at first maturity
Longevity

20il globules may only partially coalesce.
®Data on preflexion and postflexion larvae are from E.H. Ahlstrom notes. Ilustra-
tions are unavailable.

Ref: Ahlstrom 1965, 1969; Ahlstrom et al. 1984b.

No. of oil globules
Oil globule diameter
Yolk
Envelope
Hatch size
Incubation time/temp.
Pigment

® No pigment over oil globules

12-20, subequal?

Diagnostic characters

LARVAE"

Preanal length 79-94% SL
Length at flexion >6 mm, by 11 mm SL
Length at transformation ~25 mm SL
Sequence of fin Caudal, dorsal, anal,
development pectorals, pelvics
Pigment - Linear series of small melanophores
e Initially a series of paired spots dorsolaterally to gut
extending from pectoral fin base to terminal section,
becoming embedded with development (6-8 pairs
developing to 7-8 pairs)
® Notochord tip (dorsal and ventral)
At flexion
e Series of melanophores develops along hypaxial
region, and soon after a series develops along
epaxial
® More lateral spots are added
¢ Median finfold
® Increased head pigment

Diagnostic characters
¢ Eyes not stalked
* Pigment pattern unique among Bathylagus spp.
(including Leuroglossus spp.)
¢ Fin rays form in finfold, away from body margin
® Only bathylagid without stalked eyes and pigment
consisting of a linear series of small melanophores



Snubnose blacksmelt BATHYLAGIDAE

B No eye stalks

0.90—1.10 mm
8.5 mm SL

C Median finfold pigment

7—8 pairs dorsolateral Transverse rugae
gut melanophores along entire gut

Figure A, Ahlstrom 1969; B—C, Ahlstrom et al, 1984b.
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BATHYLAGIDAE

Leuroglossus schmidti® Rass 1955

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 47-X-52 EGGS
Precaudal: 26-X-29 Diameter 1.65-1.90 mm
Caudal: X-X-X No. of oil globules <5 upto 9, usually coalescing
Branchiostegal rays 2-2-2 to 1¢
Caudal fin 15-17, 10+9, 15° 0il globule diameter 0.35-0.40 mm, 0.47 after
Pelvic fin Abdominal fusion®
R: 8-X-9 Yolk Segmented
Dorsal fin R: 10-X-11 Envelope Pustules
Pectoral fin R: 8-X-9 Hatch size
Anal fin R: 11-X-14 Incubation time/temp.
Gill rakers U: 8-X-9 L: 17-X-19 Pigment
® Tip of notochord
LIFE HISTORY Diagnostic characters
® Egg diameter
Range Brit. Col., 48°30°-55°N, to
Bering Sea, 54-66°N
Ecology Epi-, meso-, and bathypelagic, LARVAE
0-1800 m* , Preanal length 72-78% SL
ELH pattern Oviparous, pelagic eggs, pelagic Length at flexion 13-18 mm SL
) larvae e i Length at transformation 31-35 mm SL
Spawning Season: Fall-winter; sumumer Sequence of fin Caudal, dorsal and anal,
Area: Off continental slope development pectorals, pelvics
Mode: . Pigment - Large isolated melanophores
) Migration: * Series of 5-6 spots on posterior gut
Fecundity Range/function:

Age at first maturity
Longevity

“Placed in Bathylagus by Ahlstrom et al. 1984b.

®Dunn 1983
¢Fedorov 1973
4 Ahlstrom 1969

¢Similar migrations, see L. stilbius.

Ref: Ahlstrom 1969, Ahlstrom et al. 1984b, Dunn 1983.
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¢ Midtrunk patch
e Lower trunk blotches
® 1-2 postanal lateral blotches in larger larvae

Diagnostic characters
e Eye stalks short and only in early larvae
¢ Fin rays form in finfold, away from body margin
® More pigmented than L. stilbius
Distinguished from Bathylagus milleri by
® Eye stalks short
® Lack of dorsal spots



Northern smoothtongue BATHYLAGIDAE

——
Midtrunk patch 7.1 mm SL
similar in L. stilbius 1.8 mm

E ) Postanal lateral blotches

Lower trunk Gut pigment 33.5 mm SL
blotches series .

F T T T T T T e e N
o Ya TR OE oW, S e PG v T ol v T
=5 . . #A O jEan Rk LT W
Sias » . LR S by % A LS
3 w e s .. ’

ERER T
Ve <
PPN IT
"F LIPS * ':

)
prdy L P

33.1 mm SL

Figure A, Ahlstrom 1969; B—F, Dunn 1983.
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BATHYLAGIDAE

Leuroglossus stilbius® Gilbert 1890

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 38-X-42 EGGS
Precaudal: 20-21-22 Diameter 1.10-1.21 mm

Caudal: 19-20-21

Branchiostegal rays 2-2-2
Caudal fin 12-16, 10+9, 13-15
Pelvic fin Abdominal
R: 8-X-10°
Dorsal fin R: 9-X-11
Pectoral fin R: 8-X-11
Anal fin R: 11-X-14
Gill rakers U: 7-X-9 L: 18-X-20

LIFE HISTORY

Range South of southern California to
Oregon, 42-46°N
Ecology Epi- and mesopelagic, 0-690 m
ELH pattern Oviparous, pelagic eggs, pelagic
larvae
Spawning Season: Winter-spring®
Area:
Mode:
Migration:
Fecundity Range/function:
Age at first maturity
Longevity

*Placed in Bathylagus by Ahlstrom et al. 1984b.

® Ahlstrom et al. 1984b

¢ Ahlstrom 1965

9 After fertilization, 15-25 oil globules at vegetal pole; 2-5 oil globules during early
stage which coalesce to 2 (sometimes 1) of equal size at opposite poles. These oil
globules migrate toward and coalesce under the embryo prior to hatching.

¢Data on preflexion and postflexion larvae are from E.H. Ahlstrom notes. Illustra-
tions are unavailable.

Ref: Ahlstrom 1965, 1969; Ahlstrom et al. 1984b.
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No. of oil globulesd
Oil globule diameter

Yolk Finely segmented
Envelope Pustules
Hatch size 3 mm SL

Incubation time/temp.

Pigment
® Yolk membrane above oil globule
® Notochord tip

Diagnostic characters
e Egg diameter: Smaller than in L. schmidti

LARVAE®

Preanal length
Length at flexion
Length at transformation 25-29 mm SL
Sequence of fin Caudal, dorsal and anal,
development pectorals, pelvics
Pigment - Large isolated melanophores
® Midtrunk patch between pectoral fin base and anus
in smaller larvae is similar to L. schmidti
® Series of 5-6 melanophores on posterior gut

74-80% SL

Diagnostic characters
® Eye stalks short and only in early larvae
® Fin rays form in finfold, away from body margin
Distinguished from L. schmidti by
® Lack of lower trunk and postanal blotches



California smoothtongue BATHYLAGIDAE

Yolk pigment above
oil globules

Tip of
notochord
pigmented

1.10-1.21 mm

B Eye stalks short

8.5 mm SL

5—6 melanophores
on posterior gut

Figure A, Ahlstrom 1969; B—C, Ahlstrom et al. 1984b.
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OPISTHOPROCTIDAE

Bathylychnops exilis Cohen 1958

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 81-X-842 EGGS
Precaudal: X-X-X Diameter 2.2-2.6 (ripe ovarian eggs)
Caudal: X-X-X No. of oil globules
Branchiostegal rays 2-2-2 Oil globule diameter
Caudal fin X, 1049, X Yolk
Pelvic fin Abdominal Envelope
R: 7-7-8° Hatch size
Dorsal fin R: 13-14-16° Incubation time/temp.
Pectoral fin R: 10-12-13b Pigment
Anal fin R: 10-12-14b
Gill rakers U: 16-X-20 L: 28-X-32

LIFE HISTORY

Range N. California, 38-42°N, to
Brit. Col., 48°30'-55°N
Ecology Epi- and mesopelagic

ELH pattern Oviparous, eggs probably pelagic,

pelagic larvae

Spawning Season:
Area:
Mode:
Migration:
Fecundity Range/function:
Age at first maturity (Both sexes appear to mature at
400 mm SL)®
Longevity 5 yre

# Ahlstrom et al. 1984b

®Stein and Bond 1985

Fitch and Lavenberg 1968

9dTransformation (family): Marked by deepening of body and attainment of melanistic
integument and large scales.

Ref: Ahlstrom et al. 1984b, Stein and Bond 1985.
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Diagnostic characters

LARVAE

Preanal length
Length at flexion
Length at transformation Up to 124 mm SL¢
Sequence of fin Caudal, pectorals and pelvics,
development dorsal and anal
Pigment
¢ Dorsal blotches (six pairs), which extend into finfold,
and ventral (eight pairs) lateral blotches; blotches
alternate except for postanal ones which form a band
e Large caudal blotch
® Head heavily pigmented
® Lower gill arches heavily pigmented
® Pectoral and pelvic fin bases

80-82% SL

Diagnostic characters
® Gut elongate
® Sac-like stomach (elongate and pointed at tip)
Distinguished from other opisthoproctids by
® Elongate snout with unique triangular flap at tip
® Round eyes (anterodorsal)
¢ Distinctive heavy pigment pattern
® Number of myomeres (81-84)



Javelin spookfish OPISTHOPROCTIDAE

Six dorsal pairs of melanophores

Retention of larval
pigment blotches

Figure A—B (B, ventral view), Ahlstrom et al. 1984b; C, Cohen 1960.
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OPISTHOPROCTIDAE

Dolichopteryx longipes?® (Valliant 1888)

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 40-X-44 EGGS

Precaudal: X-X-X Diameter

Caudal: X-X-X No. of oil globules
Branchiostegal rays 2-2-2 Oil globule diameter
Caudal fin X, 10+9, X Yolk
Pelvic fin Abdominal Envelope

R: 8-X-9 Hatch size
Dorsal fin R: 10-X-11 Incubation time/temp.
Pectoral fin R: 13-13-13 Pigment
Anal fin R: 8-X-9
Gill rakers U: X-X-X L: X-X-X

LIFE HISTORY

Range South of southern California to
Oregon, 42-46°N
Ecology Epi- and mesopelagic, 152-457 m

ELH pattern Oviparous, eggs probably pelagic,

pelagic larvae

Spawning Season:
Area:
Mode:
Migration:
Fecundity Range/function:
Age at first maturity
Longevity 5 yrb

# According to A.E. Peden (Brit. Col. Prov. Mus., Victoria, B.C., Canada V8V 1X4,
pers. commun., 22 Jan. 1987), several species may be in the area with D. longipes
having the more southerly distribution. Other species may occur north of Oregon
and at least one form occurs off British Columbia.

®Fitch and Lavenberg 1968

Ref: Ahlstrom et al. 1984b.
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Diagnostic characters

LARVAE

Preanal length
Length at flexion
Length at transformation See Bathylychnops exilis
Sequence of fin Pectorals and pelvics probably
development right after caudal, before
dorsal and anal

74-75% SL

Pigment - Genus
® Lateral series of melanophores above gut; some
species develop serial melanophores on hypaxial
myomeres
® Head pigment: Jaws, internal snout, gill arches

Diagnostic characters

® Gut elongate (sac-like stomach, elongate and pointed
at tip)

e Tubular eyes

¢ Elongate pectoral and pelvic fin rays

® Number of myomeres (40-44), less than B. exilis
(81-84) and more than Macropinna microstoma
(34-37)



Winged spookfish OPISTHOPROCTIDAE

A Dolichopteryx binocularis

Hypaxial series of melanophores
develops in some species

Elongate paired fins

Figure A, Ahlstrom et al. 1984b (after Roule and Angel 1930, Mediterranean specimen).
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OPISTHOPROCTIDAE

Macropinna microstoma Chapman 1939

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 34-X-37 EGGS

Precaudal: X-X-X Diameter

Caudal: X-X-X No. of oil globules
Branchiostegal rays 3-3-3 Oil globule diameter
Caudal fin X, 10+9, X Yolk
Pelvic fin Abdominal Envelope

R: 9-X-10 Hatch size
Dorsal fin R: 11-X-12 Incubation time/temp.
Pectoral fin R: 17-X-19 Pigment
Anal fin R: 14-14-14
Gill rakers U: X-X-X L: X-X-X

LIFE HISTORY

Range South of southern California to
Bering Sea, 54-66°N
Ecology Epi- and mesopelagic, 99-891 m

ELH pattern Oviparous, eggs probably pelagic,

pelagic larvae

Spawning Season:
Area:
Mode:
Migration:
Fecundity Range/function:
Age at first maturity
Longevity

Ref: Ahlstrom et al. 1984b.
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Diagnostic characters

LARVAE

Preanal length
Length at flexion
Length at transformation See Bathylychnops exilis
Sequence of fin Caudal, pectorals and pelvics,

development dorsal and anal
Pigment

® Series of melanophores on each hypaxial myomere

® Heavy embedded blotch at pelvic fin base; expands

dorsad and ventrad

® Caudal blotch

® Above terminal section on gut ventral to liver

® Lower jaw

59-64% SL

Diagnostic characters
® Deeper body and shorter gut than B. exilis and
Dolichopteryx longipes
e Head with pronounced hump or bend at nape
e Tubular eyes directed dorsally
® Number of myomeres (34-37)



Barreleye OPISTHOPROCTIDAE

Hump on head

—————

11.1 mm SL

Hypaxial series of
melanophores

===

ZZ =N

=== ‘
=

12.0 mm

%’a:’:i' b7 i

Blotch at
pelvic fin base 16.5 mm

Lower jaw pigment

Figure A, NWAFC original (B. Vinter); B—C, Chapman 1939.
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ALEPOCEPHALIDAE

Slickheads

Members of the slickhead family are found worldwide in the deep sea, with six species in six genera found within the limits
of this study area. Adults occur at depths of 45 to 5500 m but are primarily taken in hauls near the ocean bottom below
600 m. Juveniles occur in midwater (Fitch and Lavenberg 1968). Reproductive characteristics are unknown. Little informa-
tion on alepocephalid early-life-history stages has appeared since Beebe (1933) in which they were found to hatch from large
eggs (3-4 mm) and have direct development. There is no close relationship between alepocephalids and argentinoids because
alepocephalids have large eggs, direct development, and share no specialized ontogenetic characters with argentinoids (Ahlstrom

et al. 1984b).
Table 6
Meristic characters of family Alepocephalidae.
Vertebrae Fins Gill rakers
Precaudal Caudal
Taxon Distribution (Total) Dorsal Anal Pectoral Pelvic Upper Lower Branchiostegals
Alepocephalus tenebrosus Cent. Calif.-Bering Sea (53-55) 17 17-18 10 6-7 7-8 17-18 6-7
Bathylaco nigricans SSC-Oregon (45-46) 17-22 11-12 6-11 6-9 3-5 8-13 9-10
Ericara salmoneum S. Calif.-Bering Sea 17-19 4-28 12 6 6
Leptochilichthys agassizi SSC-Oregon 14 13 11 10 8 19 13
Narcetes stomias SSC-Wash. 17-21 14-16 10-11 8-9 34 12-14 8
Talismania bifurcata* SSC-Brit. Col. 16-17 27-28 22 21-23 10-12 6-7 7-8 15-18 7
(43-46)

*The NWAFC meristic database was updated by Sazonov 1981.
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Tubeshoulders PLATYTROCTIDAE

Tubeshoulders are found in all oceans, and five species in four genera are known in the Northeast Pacific Ocean and Bering
Sea (Matsui and Rosenblatt 1987). Adults are commonly taken in midwater trawls but have been found at the surface (at
night) to below 1000 m (Fitch and Lavenberg 1968). Little is known of their reproduction and early life history except that
juveniles of Sagamichthys abei migrate upward at night to within 200 m of the surface to feed (Hart 1973).

Table 7

Meristic characters of family Platytroctidae.*

Vertebrae Fins Gill rakers

Precaudal Caudal

Taxon Distribution (Total) Dorsal Anal Pectoral Pelvic Upper Lower Branchiostegals

Holtbyrnia innesi Bering Sea 26-30 18-20 18-19 17 16 9 7 15-16 8
(46-48)

Holtbyrnia latifrons SSC-Brit. Col. 27-28 20 17-20 14-16 16-20 89 6-8 17-19 8-9
(46-50)

Maulisia argipalla SSC-Bering Sea 25-27 19-22 17-20 15-17 18-19 7-8 7-8 16-18 8
(46-47)

Pellisolus eubranchus Oregon 20-23 20-24 17-19 15-16 18-21 6-8 5-6 17-18 8-9
(42-44)

Sagamichthys abei S. Calif.-Brit. Col. 30-31 19-21 16-18 14-16 14-18 9-10 7-8 16-18 6-8
(50-52)

*Taxonomy and meristic data from Matsui and Rosenblatt (1987). The northernmost record of Mirorictus taningi (reported also as Normichthys campbelli) is 35°N but it
may occur further north.
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Smelts OSMERIDAE

Smelts are confined to the Northern Hemisphere, and seven species in six genera are found in the northeastern Pacific. Some
species spawn intertidally, others are anadromous. Spawning is protracted and en masse. Spent fish return to deeper water
except for Thaleichthys pacificus, which experiences high, though not complete, mortality after spawning (Garrison and Miller
1982). Osmerid eggs are generally 0.80-1.1 mm, strong to feebly adhesive, and have numerous oil globules. The adhesive
membrane results from the rupturing of an outer ‘‘chorion’’ during spawning which turns out and onto the substrate (Hearne
1983, 1984). In general, larval characteristics include an elongate body shape, gut 75% of standard length, subterminal mouth,
conspicuous choroid fissure, stalked pectorals, no dorsal melanophores, a single row of melanophores along the ventral midline
of the gut, and a single row of melanophores on the ventral midline of the tail (Hearne 1984). All osmerid larvae possess
a single midventral row of melanophores below the gut. Spirinchus starksi larvae have a greater number of ventral melanophores
than Spirinchus thaleichthys or Thaleichthys pacificus (Hearne 1983). Myomere counts may be of additional use. Osmerids
are the most abundant larvae in the nearshore waters (0-20 km) off Oregon; usually >50% of the larvae collected from January
through June are osmerids (B. Mundy, NMFS Southwest Fish. Cent., Honolulu Lab., Honolulu, HI 96822-2396, pers.
commun., 1 Oct. 1986.). Presently, it is possible to identify only one of these larvae to genus or species. A complete develop-
mental series of Mallotus villosus is known. They are common in our ichthyoplankton collections off Oregon, Washington,
and in the Gulf of Alaska.

Table 8
Meristic characters of family Osmeridae.
Vertebrae Fins Gill rakers
Precaudal Caudal Upper Lower
Taxon Distribution (Total) Dorsal Anal Pectoral Pelvic (Total) Branchiostegals
Allosmerus elongatus S. Calif.-Brit. Col. 40-44 23-27 9-11 14-17 12-14 8 10-13  23-28 6-7
Hypomesus pretiosus S. Calif.-Bering Sea 42-44 22-24 8-11 12-17 14-17 8 10-13  21-25 7-8
(62-70)
Mallotus villosus Wash.-Arctic (62-73) 10-14 16-23 16-21 9 8-13 24-35 7-8
Osmerus mordax Brit. Col.-Arctic (58-68) 8-11 12-16 11-14 8 8-11 18-24 6-8
(26-37)
Spirinchus starksi S. Calif.-SE Alaska 33-36 25-29 8-11 15-21 10-11 8 8-13 24-31 7-8
Spirinchus thaleichthys Cent. Calif.-Bering Sea 29-31 24-27 8-10 15-22 10-12 8 10-13  26-34 7-8
(54-61)
Thaleichthys pacificus Cent. Calif.-Bering Sea (65-72) 10-13 18-23 10-12 8 4-6  13-18 6-8
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OSMERIDAE

Mallotus villosus (Miiller 1776)

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 62-X-73 EGGS
Precaudal: X-X-X Diameter 1 mm
Caudal: X-X-X No. of oil globules
Branchiostegal rays  7-X-8 Oil globule diameter
Caudal fin X, 1049, X Yolk
Pelvic fin Abdominal Envelope Adhesive
R: 9-X-9 Hatch size 3-6 mm
Dorsal fin R: 10-X-14 Incubation time/temp.
Pectoral fin R: 16-X-21 Pigment
Anal fin R: 16-X-23
Gill rakers U: 8-X-13 L: 24-X-35
Diagnostic characters
LIFE HISTORY
LARVAE
Range Washington, 46-48°30'N, to Preanal length ~75% SL
Aretic, not specific Length at flexion After yolk absorption,
Ecology Nearshore shelf pelagic, ~7-8 mm SL

ELH pattern

Spawning

Fecundity

Age at first maturity

Longevity

? Andriashev 1954
®Allen and Smith 1988
°Hart and McHugh 1944
9Baxter 1975

¢Trumble 1973

"Hart 1973

Ref: Templeman 1948.

0-200 m;? 750 mb

Oviparous, demersal attached
eggs, pelagic larvae

Season: Fall (British Columbia);®©
spring (Bering Sea)d

Area: Gravel beaches®

Mode: Schools®

Migration:

Range/function: 3000-6600
(British Columbia)®

2+ yre

>3 yrf
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Length at transformation
Sequence of fin
development
Pigment
¢ Single row of melanophores along ventral gut midline
® Single row of postanal ventral melanophores
developing into double row (ventral view)

Probably caudal, dorsal,
anal, pelvics, pectorals

Diagnostic characters (see Table 4)

Distinguished from clupeiforms by

e Higher number of myomeres (62-73)

® Pigment: Single rather than double row of mid-
ventral melanophores below gut

e Greater gut length (75% SL)

® Presence of adipose fin

Distinguished from other osmerids by

¢ Combination of greater number of pectoral fin rays
(16-21) and anal fin rays (16-23)



Capelin OSMERIDAE

Single row of melanophores
along ventral gut

Adipose fin

16 mm

29 mm

Figures A—E, Fahay 1983 (A, after Bigelow and Schroeder 1953; B—E, after Templeman 1948; Atlantic specimens).
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Stomiiformes

Fishes of the order Stomiiformes are mostly tropical to temperate, with many being deep-sea. This highly diverse order con-
tains 9 families, 53 genera, and about 248 species (J. Nelson 1984). A total of 6 families, 12 genera, and 22 species are
found within the study area. Body forms among stomiiforms range from eel-like (idiacanthids) to deep and extremely com-
pressed (sternoptychids). Most species have luminescent organs, teeth on both premaxilla and maxilla, mouth extending past
the eye, an adipose fin, and a dark-brown or black color (primarily silver in Gonostomatidae and Sternoptychidae). Present-
ly, there is no consensus on the relationships within the order (Weitzman 1974, Fink and Weitzman 1982, Ahlstrom et al.
1984c, Fink 1984). Herein, we treat the gonostomatids and sternoptychids together, and the chauliodontids, melanostomiids,
malacosteids, and idiacanthids together. For convenience, we will call the former families the gonostomatoids, and the latter
the stomioids, without phylogenetic implications. The identification of gonostomatoid larvae requires a knowledge of
developmental data from larvae, juveniles, and adults (including fin rays, teeth, and photophores). Of importance are pig-
ment patterns, position of dorsal and anal fins (caution must be used, since positions change with growth), presence of an
adipose fin, and photophores (number, pattern, and sequence of development) (Ahlstrom et al. 1984c). In addition to pigment
patterns and meristic and photophore characters, gut structure (trailing or not) is an important feature to consider in the iden-
tification of stomioids.

Families in study area: Gonostomatidae
Sternoptychidae
Chauliodontidae
Melanostomiidae
Malacosteidae
Idiacanthidae
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STOMIIFORMES

Table 9

Definitions of alphabetical symbols used for designating photophores in deep-bodied sternoptychids and other stomiiform fishes

(Ahlstrom et al. 1984c, in part).

Code Definitions

Gonostomatoids

SO Symphyseal photophores (organs) located at tip of lower jaw.

Orb Photophores associated with the eye located anterior and posterior of orbit.

Op Photophores on opercle series generally three, coded as follows 1/(1+1).

Br (BRP) Photophores located on the branchiostegal membranes.

Is (I) Photophores located on the isthmus.

P Photophores of the ventral series found from the isthmus to the base of the pectoral fin.

PV Photophores of the ventral series found from the i_)ectoral fin base to the pel:'ic (ventral) fin base.

VAV Photophores of the ventral series found from the pelvic (ventral) fin base to the anal fin base.

AC Photophores of the ventral series found from the anal fin base to caudal fin base.

IC Summary of photophores of the ventral series from the isthmus to caudal fin base (IP+PV+VAV+AC).

4 Summary of photophores of the ventral series from isthmus to pelvic (ventral) fin base (IP+PV).

ov Photophores of the lateral series from the opercle to pelvic (ventral) fin base.

VA (VALA) Photophores of the lateral series from the pelvic (ventral) fin base to the anal fin base.

OAA Summary of photophores of OV plus VA series.

OA (OAB) Summary of lateral photophores from the opercle to anal fin base (OV+VA).

OAC (0C) Entire lateral series on body sides just dorsal to ventral series and extending from opercular border, or just medial to it, over anal fin to caudal
fin base.

ODM Photophores (organs) found dorsal to the lateral midline (found only in Gonostoma gracile).

Deep-bodied Sternoptychids

SO Subopercle photophore which is equivalent to posteriormost photophore in opercular series of gonostomatoids.
PO Photophore located anterior to orbit.
PTO Photophore located posterior to orbit and may be equivalent to upper photophore of opercular series of gonostomatoids.
PRO Preopercular photophore, used for PO photophore dorsal to ventral limb or preopercle.
Br Same as gonostomatoid definition.
Is Same as gonostomatoid definition.
AB Photophores of ventral series located abdominally between pectoral fin base and pelvic fin base and equivalent to PV in gonostomatoids, plus a
few posterior photophores of the IP series.
PAN Photophores found anterior to anal fin and may be equivalent to VAV or VA in gonostomatoids.
AN Photophores found above anal fin.
SC Photophores found on lower (sub) caudal peduncle. Together with AN group may be equivalent to AC in gonostomatoids.
SAB Photophores located above (supra) to the abdominal series and may be equivalent to VA in gonostomatoids.
SP Photophores located above (supra) the pectoral fin and may be equivalent to OV in gonostomatoids.
SAN Photophores located above (supra) to éal photophores and equivalent to part of AC series.
Table 10
Photophore distribution in selected gonostomatoid genera (Ahlstrom et al. 1984c, in part). See Table 9 for photophore definitions.
No. of Photophores in
Tows SO ORB OoP BR IS v VAV AC groups of glands?
Argyropelecus 2 No 2 2 6 Yes 18 4 10 Yes
Cyclothone 2 No 1 2 8-11 No 12-14 4-5 12-16 No
Danaphos 2 No 1 2-3 6 Yes 18 5 22-26 Yes
Gonostoma 2 Yes 1 2-3 9 No 11-16 3-10 15-23 No
Sternoptyx 2 No 2 2 3 Yes 15 3 7 Yes
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STOMIIFORMES

MAJOR PHOTOPHORE GROUPS

A Gonostomatoid

OA

secccena, .,
e
.

seve e -
P ‘2 e eca,

N e

Figure A, Fahay 1983 (after Ozawa 1976); B, Badcock and Baird 1980 (redrawn).
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GONOSTOMATOIDEI

Table 11
Fin position and condition of adipose fin in selected gonostomatoid fishes (Ahlstrom et al. 1984c, in part).
Genera Adult Larvae Adipose fin
Argyropelecus Anal origin opposite last dorsal fin ray Anal origin behind dorsal fin Present or absent
Cyclothone Anal origin opposite dorsal fin or slightly behind Same as adult Absent
Danaphos Anal origin behind dorsal fin Same as adult Absent
Gonostoma Anal origin opposite or 3-4 rays in advance of dorsal origin Same as adult Present or absent
Sternoptyx Anal origin opposite dorsal origin Anal origin behind dorsal fin Present
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Bristlemouths GONOSTOMATIDAE

Table 12

Meristic characters of family Gonostomatidae.

Vertebrae Fins Gill rakers

Precaudal Caudal

Taxon Distribution (Total) Dorsal Anal Pectoral Pelvic Caudal Upper Lower Branchiostegals
Cyclothone acclinidens SSC-Oregon 13-14 17-19 13-15  18-20 9-10 6 6,10+9,6° 6-9 14-17 13-15
Cyclothone atraria SSC-Bering Sea® 12-13 18-20 13-15  18-21 9-10 6 6-8 13-16 12-14
Cyclothone pallida SSC-Brit. Col. 13-14 17-21 13-15  17-19 9-11 6-7 7-10  14-18 13-15
Cyclothone pseudopallida  SSC-Bering Sea 12-13* 1820 13-15 18-21 9-10 6 4-6 12-14 13-15
Cyclothone signata SSC-Gulf of Alaska 13 17-19 13-14  18-20 9-10 6 6-8,10+9,6-7° 35 10-11 12-14
Gonostoma atlanticum SSC-Oregon (38-39) 16-18  27-30 9-10 6-7 6-7 11 11-12
Gonostoma gracile Gulf of Alaska-Bering Sea 18-19 22-24 9-12  22-30 8-10 6-8 11-12

#E.H. Ahlstrom notes
PRecords from north of British Columbia are questionable (A.E. Peden, Brit. Col. Prov. Mus., Victoria, B.C., Canada V8V 1X4, pers. commun., 22 Jan. 1987).
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GONOSTOMATIDAE Cyclothone spp.

This worldwide genus of lightfishes may constitute the most abundant genus of fish in the sea. These small (to 80 mm)
bathypelagic fishes are found most commonly at depths of 300 m and greater and have been found as deep as 5300 m. Very
little information on life history is available. The eggs are unknown but larvae are common in offshore tropical and temperate
areas. Cyclothone spp. larvae are discussed at the generic level since only partial series are available for the five species
in the study area. Gorbunova (1982a) described the larvae of eight species from the Pacific including four from the study
area (all species except C. atraria). The descriptions of C. acclinidens, C. pallida, and C. pseudopallida by Gorbunova (1982a)
have been questioned by Ozawa and Oda (1986) who described the larvae (>7 mm SL) of five species of Cyclothone (all
species from the study area except C. signata). Since preflexion larvae and transforming larvae linking larval series to adults
are generally unavailable, Ozawa and Oda (1986) discussed the need for further investigation.

Preanal length for Cyclothone spp. larvae is about 50% SL. Lengths at flexion and transformation are 4-5 mm SL and about
14 mm SL, respectively. Caudal and dorsal fins form first, followed in sequence by the anal, pelvic, and pectoral fins.
Photophores are described in Table 10.

Pigment characters for Cyclothone spp., based on described species, include

® 2-3 spots along gut with posteriormost spot at anus (sometimes more spots in larger specimens)

® One spot at cleithral symphysis

® Pigment on swimbladder

e Lateral series posterior to pectoral fins, ending prior to swimbladder

e Series over anal fin base (varies from ~v5-12 spots and may or may not be evenly spaced; number and spacing of series
may be species-specific)

e Some species develop dorsal series similar to anal base series

® Spots at base of anal fin pterygiophores

¢ Spots usually appear above and below urostyle and in hypural area

Diagnostic characters for Cyclothone spp. larvae include
¢ Distinct dark streak or intense melanophore over and parallel to parhypural on caudal fin base
® Pigmentation over gut and along ventral margin of tail
® Anal fin origin opposite dorsal fin or slightly behind (no ontogenetic movement)
e Conspicuous swimbladder
® No adipose fin
® Larvae generally elongate

Diagnostic characters for species
® C. acclinidens (melanophore on dorsal part of tail end)
o C. pseudopallida (predorsal melanophores 2-4, see figure)
e C. atraria (predorsal melanophores 6 or 7, see figure)
® C. pallida (predorsal melanophores 9-12, see figure)
e C. signata (no melanophore on dorsal part of tail end, and no predorsal melanophores)

Distinguish from Gonostoma
® See Tables 10-12
e Fewer anal fin rays (16-21 vs. 21-31)
e Fewer vertebrae (29-33 vs. 37-40)
¢ SO photophore absent
® Caudal pigment (present in Gonostoma atlanticum but not in G. gracile)

Larger postflexion larvae, which differ greatly from adults, undergo a metamorphic stage during which most of the photophores
become pigmented simultaneously, the anterior portion of the body shortens, and the anus changes position from near the
anal fin to nearer the ventral fin bases.

Ref: Ahlstrom et al. 1984c; Fahay 1983; Gorbunova 1982a; Grey 1964; Hart 1973; Jespersen and Taning 1926; Mukacheva 1954, 1964; Ozawa and Oda 1986.
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Bristlemouths GONOSTOMATIDAE

CYCLOTHONE
iy Melanophore on
A C. acclinidens dorsal part of tail
N

Opposing dorsal
and anal fins

Pigmented
swimbladder

12.0 mm SL

7.8 mm SL

Figures A—F, Ozawa and Oda 1986; G, Ahlstrom et al. 1984c.
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GONOSTOMATIDAE

Gonostoma spp.

MERISTICS

G. atlanticum Norman 1930

EARLY LIFE HISTORY DESCRIPTION

Vertebrae

Branchiostegal rays
Pelvic fin

Dorsal fin
Pectoral fin
Anal fin
Gill rakers

MERISTICS

Total: 38-X-39
Precaudal: X-X-X
Caudal: X-X-X
11-X-12
Abdominal

1 6-7-7
16-18-18
9-X-10

1 27-28-30

1 6-X-7

CRRER

L: 11-X-11

G. gracile Giinther 1878

Vertebrae

Branchiostegal rays
Pelvic fin

Dorsal fin
Pectoral fin
Anal fin
Gill rakers

LIFE HISTORY

Total: 40-X-42
Precaudal: 18-X-19
Caudal: 22-X-24
11-X-12
Abdominal

R: 6-X-8

R: 9-X-14

R: 8-X-11

R: 22-X-30

U: 7-8-8 L: 12-13-14

Range
(G. atlanticum)

(G. gracile)

Ecology
ELH pattern
Spawning"
Age at first
maturity?
Longevity?

South of southern California to
Oregon, 42-46°N

Gulf of Alaska, 54-60°N to
Bering Sea, 54-66°N

Meso- and bathypelagic?

Oviparous, pelagic larvae

Season: Sept-Apr (Japan)

1 yr (males - then undergo sex
reversal at 70-80 mm SL)

2 yr (females)

1 yr (males)

®G. atlanticum mesopelagic only.

°G. gracile only.

Ref: Ahlstrom 1974, Ahlstrom et al. 1984c, Kawaguchi and Marumo 1967, Ozawa

1986b, Sanzo 1931a.
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EGGS (G. denudatum)

Diameter

No. of oil globules
Oil globule diameter
Yolk

Envelope

Hatch size

Incubation time/temp.
Pigment

0.80-0.81 mm
One
0.20-0.21 mm

Diagnostic characters

LARVAE (G. gracile)

Preanal length

Length at flexion

Length at transformation

Sequence of fin
development

Pigment
¢ Internal head pigment
e Swimbladder and peritoneum

Caudal, dorsal and anal,
pectorals and pelvics

Diagnostic characters

G. gracile distinguished from other Gonostoma spp. by

® Anal fin origin extremely in advance of dorsal fin
origin

G. gracile distinguished from G. atlanticum by

® Lack of pigment on caudal peduncle and body
surface

G. atlanticum distinguished from Cyclothone spp. by

e Caudal and ventral pigment

® Swimbladder position

Photophores (see Table 10)

In G. gracile and G. atlanticum, photophores develop as a
group. This differs from other species of Gonostoma where
photophores develop gradually.



Bristlemouths GONOSTOMATIDAE

GONOSTOMA

Gonostoma atlanticum

12.0 mm SL

Pigment on caudal
peduncle

Gonostoma gracile

6.0mmSL &

Anal fin origin in advance
of dorsal fin origin

11.5mm SL 3

15.5mmSL 48

22.0 mm SL 38

Figure A, Ahlstrom et al. 1984c (after Ahlstrom 1974); B—E, Kawaguchi and Marumo 1967 (western Pacific specimens).
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STERNOPTYCHIDAE

Found in all temperate and tropical seas, hatchetfishes are represented in the northeastern Pacific by seven species in three
genera. Adults are found 100-5000 m below the surface (Schultz 1961). Sternoptychid eggs and larvae are planktonic, con-
stituting the third most abundant family in the ichthyoplankton of open ocean waters (after myctophids and gonostomatids)
(Ahlstrom 1972, Loeb 1979). Argyropelecus hemigymnus has eggs ranging from 0.92 to 1.04 mm. The yolk is coarsely
segmented and contains one oil globule (Ahlstrom 1974). Development of sternoptychids is distinctly divided into two periods
(Sanzo 1935): Larval period, and the period of metamorphosis marked by a sharp reduction in body length, change in shape,
and photophore and fin-ray development. Distribution and patterns of photophores, especially their sequence of develop-
ment, are instrumental in larval identification. The following characters may aid in distinguishing between the three sternop-
tychid genera in the study area (see Tables 13-14).

Argyropelecus Danaphos Sternoptyx
Anal fin rays 11-13 24-25 14-16
Pectoral fin rays 10-11 13-14 10-11
Vertebrae 34-40 38 28-31
Adipose fin Present/absent Absent Absent
Photophores

Br 6 6 3

Orb 2 1 2

v 18 18 15

VAV 4 5 3

AC 10 22-26 7
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Hatchetfishes STERNOPTYCHIDAE

Table 13
Meristic characters of family Sternoptychidae.
Vertebrae Fins Gill rakers
Precaudal Caudal Upper Lower
Taxon Distribution (Total) Dorsal Anal Pectoral  Pelvic Caudal (Total) Branchiostegals
Argyropelecus affinis SSC-Oregon (39-41) 9 12-13 10-11 6 10-12,10+9,4 (18-22) 10
Argyropelecus hemigymnus ~ SSC-Wash. (37-39) 8 11 10-11 6 10,104+9,5 (18-24) 10
Argyropelecus lychnus SSC-Brit. Col. (35-37) 9 12 10-11 6 9-11,10+9,6 8-9 12-14 10
Argyropelecus sladeni SSC-Oregon (36-38) 9 12 10-11 6 10,10+9,6 (17-21) 10
Danaphos oculatus SSC-Brit. Col. (38) 6 24-25 10-11 8,104+9,3 2 11-13 10
Sternoptyx diaphana SSC-Oregon (28-30) 9-11 13-16 10-11 6-9 6
Sternoptyx pseudobscura SSC-Brit. Col. (27-30) 9-11 13-15 10-11 7-9 6
Table 14
Characters useful in separating larvae of Argyropelecus found in the Northeast Pacific (Belyanina 1984, in part).
Character A. affinis A. hemigymnus A. lychnus A. sladeni
Photophores: SAB, Yes No No No

PAN, AN, SC in a
continuous row*

Caudal pigment At or before transfor- At or before transfor- No >13 mm SL
mation (~v8 mm SL) mation ("8 mm SL)
Number of 2 1 (posterior one 2 2
postabdominal spines reduced)
Number of dorsal fin rays 9 8 9 9
Eye shape (telescopic) Round Cylindrical Round Round
Presence of well-developed No No Yes (pointed downward) Yes (pointed upward)

upper preopercular spine

Presence of frontal crest No No Yes Yes

*See Table 9 for definitions of symbols.
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STERNOPTYCHIDAE

Argyropelecus affinis Garman 1899

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 39-X-41 EGGS
Precaudal: X-X-X Diameter
Caudal: X-X-X No. of oil globules
Branchiostegal rays 10-10-10 Oil globule diameter
Caudal fin 10-12, 10+9, 4 Yolk
Pelvic fin Abdominal Envelope
R: 6-6-6 Hatch size
Dorsal fin R: 999 Incubation time/temp.
Pectoral fin R: 10-11-11 Pigment
Anal fin R: 12-X-13
Gill rakers U: X-X-X L: X-X-X
Diagnostic characters
LIFE HISTORY
- LARVAE
Range South of southern California to Preanal length <50% SL increasing with
Qregon, 42'46°N development to ~50% SL
Ecology Epi- and mesopelagic, 100-610 m Length at flexion
ELH pattern Oviparous, pelagic eggs, pelagic Length at transformation <8.1 mm SL
) larvae Sequence of fin Caudal and pectorals, dorsal
Spawning Season: development and anal, pelvics
Area: Pigment
Mf’de:. e Initially, lightly pigmented on anterior body,
) Migration: increases posteriorly with development
Fecundity ) Range/function: e Characteristic spot occurs on caudal peduncle above
Age at first maturity subcaudal photophores; in larvae >11 mm SL, spot
Longevity

Ref: Ahlstrom et al. 1984c, Belyanina 1984.

increases to a patch

Diagnostic characters

e Photophores: A. affinis distinguished by the location
of supra-abdominal (SAB), preanal (PAN), anal
(AN), and subcaudal (SC) photophores in a con-
tinuous straight line; AN and SC groups are
separated by a gap

® Eyes telescopic

® Spines
—At 8 mm SL, a spine anterior to spinous dorsal plate
—At 11 mm SL, long posteriormost spine on spinous

dorsal plate

—At >11 mm SL, enlarged postabdominal spines
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Slender hatchetfish STERNOPTYCHIDAE

8.1 mm SL

Spine anterior to
spinous dorsal plate

11.3 mm SL

Posteriormost spines
on spinous dorsal plate elongate

12.1 mm SL

SAB, PAN, AN, SC in a row
with a gap between AN and SC

15.5 mm SL

Enlarged
postabdominal
spines

Figures A—D, Belyanina 1984.
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STERNOPTYCHIDAE

Argyropelecus hemigymnus Cocco 1929

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 37-X-39 EGGS

Precaudal: X-X-X Diameter 0.92-1.04 mm

Caudal: X-X-X No. of oil globules One
Branchiostegal rays  10-10-10 Oil globule diameter 0.26-0.28 mm
Caudal fin 10, 10+9, 5 Yolk Segmented
Pelvic fin Abdominal Envelope

R: 6-6-6 Hatch size 2.5 mm SL; yolk absorbed
Dorsal fin R: 8-8-8 4.7 mm SL
Pectoral fin R: 10-X-11 Incubation time/temp. 2-2.5 d (temperature
Anal fin R: 11-11-11 unknown)
Gill rakers U: X-X-X L: X-X-X Pigment

® Embryo unpigmented
LIFE HISTORY Diagnostic characters
Range South of southern California to
Washington, 46-48°30'N LARVAE
Ecology Epi- and mesopelagic, 100-731 m Preanal length <50% SL increasing with
ELH pattern Oviparous, pelagic eggs, pelagic development to ~50% SL
) larvae Length at flexion

Spawning Season: Length at transformation >6 mm SL; body shrinks

Area: 2-3 mm, gut shortens,

Mf’d"v:. head deepens, and eyes

. Migration: become telescopic

Fecundity Range/function:

Age at first maturity
Longevity

Ref: Ahlstrom et al. 1984c, Belyanina 1984, Fahay 1983, Sanzo 1931a.
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Sequence of fin Caudal and pectorals, dorsal

development and anal, pelvics
Pigment
® Unpigmented at hatching (except eyes) and through
transformation

e After transformation, pigment appears on head in
patches and on caudal peduncle

Diagnostic characters

® Elongate compressed body

® Photophores and sequence of development (~6-10
mm SL): Lower OP, BR, posterior IV, anterior IV,
posterior AC, anterior AC, OA, ORB, and VAV

® SAB, PAN, AN, and SC photophores not in
continuous row

® Postabdominal spines: In larvae >10-12 mm SL,
anterior spine becomes thinner and elongated and
bends under the posterior spine; posterior spine
gradually reduces and becomes spur-shaped

e Number of dorsal fin rays (eight); other sternoptychids
usually have nine

¢ Eye shape more cylindrical than other Argyropelecus

Spp.



Spurred hatchetfish STERNOPTYCHIDAE

Unpigmented

0.92—1.04 mm

9.5 mm SL

Elongate
postabdominal
spines

Figure A, Sanzo 1931a; B, Jespersen and Taning 1926; C, E, Belyanina 1984; D, Ahlstrom et al. 1984c¢ (after Sanzo 1931a; A—B, D,
Mediterranean specimens).
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STERNOPTYCHIDAE

Argyropelecus lychnus Garman 1899

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 35-X-37 EGGS

Precaudal: X-X-X Diameter

Caudal: X-X-X No. of oil globules
Branchiostegal rays 10-10-10 Oil globule diameter
Caudal fin 9-11, 10+9, 6 Yolk
Pelvic fin Abdominal Envelope

R: 6-6-6 Hatch size
Dorsal fin R: 999 Incubation time/temp.
Pectoral fin R: 10-X-11 Pigment
Anal fin R: 12-12-12
Gill rakers U: 8-X-9 L: 12-X-14

LIFE HISTORY

Range South of southern California to
Brit. Col., 48°30-55°N
Ecology Epi-, meso-, and bathypelagic,

198-396 m; 4066 m?

ELH pattern Oviparous, pelagic eggs, pelagic

larvae

Spawning Season:

Area:

Mode:

Migration:
Fecundity Range/function:
Age at first maturity
Longevity
*Hart 1973

Ref: Ahlstrom et al. 1984c, Belyanina 1984.
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Diagnostic characters

LARVAE

Preanal length
Length at flexion
Length at transformation
Sequence of fin
development
Pigment
e Lightly pigmented, restricted to preanal body

50-60% SL

Caudal and pectorals, dorsal
and anal, pelvics

Diagnostic characters
® Upper preopercular spine bent downward whereas
same spine in A. sladeni is pointed slightly upward
® Pigmentation: Specimens described to 15 mm SL
appear to lack pigment on postanal body, specific-
ally in the peduncle area
® Presence of frontal crest



Tropical hatchetfish STERNOPTYCHIDAE

10.8 mm SL

17/7/ Lack of postanal
body pigment

12.0 mm SL

Spine bent slightly
downward

Figures A—C, Belyanina 1984.
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STERNOPTYCHIDAE

Argyropelecus sladeni Regan 1908

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 36-X-38 EGGS

Precaudal: X-X-X Diameter

Caudal: X-X-X No. of oil globules
Branchiostegal rays 10-10-10 Oil globule diameter
Caudal fin 10, 10+9, 6 Yolk
Pelvic fin Abdominal Envelope

R: 6-6-6 Hatch size
Dorsal fin R: 9-9-9 Incubation time/temp.
Pectoral fin R: 10-X-11 Pigment
Anal fin R: 12-12-12
Gill rakers U: X-X-X L: X-X-X

Diagnostic characters
LIFE HISTORY
LARVAE
Range South of southern California to Preanal length 50-60% SL
Oregon, 42-46°N Length at flexion
Ecology Epi- and mesopelagic, 101-610 m Length at transformation
ELH pattern Oviparous, pelagic eggs, pelagic Sequence of fin Caudal and pectorals, dorsal
larvae development and anal, pelvics

Spawning Season: Pigment

Area: e Initially, appears anteriorly on body in patches and,

M‘f’de5. with development, increases posteriorly

) Migration: ) ® Spot on peduncle does not appear as early as A.

Fecundity Range/function: affinis, first appearing as a patch in larvae
Age at first maturity >13 mm SL
Longevity

Ref: Ahlstrom et al. 1984c, Belyanina 1984.
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Diagnostic characters
e Spines: Upper preopercular spine is developed
(pointed slightly upward) and short frontal crests are
present
Distinguished from A. affinis and A. hemigymnus by
e Combination of nine dorsal spines and SAB, PAN,
AN, and SC photophores not in continuous line



Lowcrest hatchetfish STERNOPTYCHIDAE

9.7 mm SL

SN 4
AN
SO0 *:%t'

' B
- NS ¥ S
-:‘i:v,\\\\\‘\\ N

Frontal . /
ronta _‘ (=

crest
Postanal body
pigment

13.5 mm SL

Spine bent
slightly upward

Figures A—C, Belyanina 1984.
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STERNOPTYCHIDAE

Sternoptyx spp.

MERISTICS S. diaphana Hermann 1781 EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 28-29-30 EGGS

Precaudal: X-X-X Diameter

Caudal: X-X-X No. of oil globules
Branchiostegal rays 6-6-6 Oil globule diameter
Pelvic fin Abdominal Yolk

R: X-X-X Envelope
Dorsal fin R: 9-10-11 Hatch size
Pectoral fin R: 10-X-11 Incubation time/temp.
Anal fin R: 13-14-16 Pigment
Gill rakers U: X-X-X L: X-X-X

MERISTICS S. pseudobscura Baird 1971

Vertebrae Total: 27-29-30
Precaudal: X-X-X
Caudal: X-X-X

Branchiostegal rays 6-6-6

Pelvic fin Abdominal
R: X-X-X

Dorsal fin R: 9-10-11

Pectoral fin R: 10-X-11

Anal fin R: 13-14-15

Gill rakers U: X-X-X L: X-X-X

LIFE HISTORY

Range South of southern California to
Brit. Col., 48°30-55°N?
Ecology Meso- and bathypelagic

ELH pattern Oviparous, eggs probably pelagic,

pelagic larvae

Spawning Season:
Area:
Mode:
Migration:
Fecundity Range/function:
Age at first maturity
Longevity

8. diaphana only to Oregon, 42-46°N.

® Although not well documented, geographic variation among and within species is
clearly present.

€ A dramatic change in morphology occurs at transformation. Elongate larvae become
deep-bodied juveniles. Body length cannot be associated with development.

9Badcock and Baird (1980) cite a personal communication from E.H. Ahlstrom stating
that neither of the two forms of Sternoptyx spp. from the study area have caudal
pigment. A figure of S. pseudodiaphana is provided as an example of an early larva
with caudal pigment.

Ref: Badcock and Baird 1980, Belyanina 1983.
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Diagnostic characters

LARVAE - Genus®

Preanal length
Length at flexion
Length at transformation 6-14 mm SL°¢
Sequence of fin Pectorals and caudal, anal,
development dorsal and pelvics
Pigment
® Head and tip of lower jaw
® Peritoneum, becoming embedded with development
® Presence/absence of pigment on caudal peduncle;
according to Belyanina (1983) some specimens of
S. diaphana have pigment whereas specimens of S.
pseudobscura have noned

Diagnostic characters

¢ Prior to metamorphosis, larvae of the two species
are indistinguishable; both with spiny ridges on
frontal and parietal bones, opercular and post-
temporal spines

Distinguish S. pseudobscura juveniles from S. diaphana by

® Rounder body

® Posterior anal pterygiophores longer

® SAN higher in position

Photophores (see Table 10)

Order of development in Sternoptyx spp. larvae: SO, Br2,
AB7, 14, SP3, PTO, ANI1 followed by PAN, SC, PRO, and
SAN in early juveniles; finally SC.



Hatchetfishes STERNOPTYCHIDAE

STERNOPTYX
A Sternoptyx sp. B S. pseudodiaphana

~_

10.0 mm SL

Figure A, Ahlstrom et al. 1984c; B, Badcock and Baird 1980 (eastern North Atlantic specimen); C—I, Belyanina 1984.
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STERNOPTYCHIDAE Danaphos oculatus (Garman 1899)
MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 38-38-38 EGGS
Precaudal: X-X-X Diameter
Caudal: X-X-X No. of oil globules
Branchiostegal rays 10-10-10 Oil globule diameter
Caudal fin 8, 10+9, 3 Yolk
Pelvic fin Abdominal Envelope
R: X-X-X Hatch size
Dorsal fin R: 6-6-6 Incubation time/temp.
Pectoral fin R: 10-X-14 Pigment
Anal fin R: 24-X-25
Gill rakers U: 2-2-2 L: 11-X-13

LIFE HISTORY

Range South of southern California to
Brit. Col., 48°30'-55°N
Ecology Mesopelagic, 183-914 m

ELH pattern Oviparous, eggs probably pelagic,

pelagic larvae

Spawning Season:
Area:
Mode:
Migration:
Fecundity Range/function:
Age at first maturity
Longevity

Ref: Ahlstrom 1974, Ahlstrom et al. 1984c.
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Diagnostic characters

LARVAE

Preanal length
Length at flexion
Length at transformation ~45-50 mm SL
Sequence of fin
development
Pigment
® Concentrated on preanal body in area below eye and
over gut; smaller larvae generally unpigmented except
over peritoneum

<50% SL (short gut)

Diagnostic characters

¢ Larvae elongate

e Photophores begin formation ~16.5 mm SL (see
Table 15)

® Photophores in clusters with common bases

® Metamorphosis gradual with the initial formation of
photophores in the BR and PV groups

Distinguished from Argyropelecus spp. and Sternoptyx
spp. by

® Long anal fin (24-25 fin rays) and short dorsal fin
(6 fin rays)



Bottlelights STERNOPTYCHIDAE

Table 15
Development of photophores in Danaphos oculatus (Ahlstrom et al. 1984c).* See Table 9 for definitions of photophore groups.
Photophore groups
Size
(mm SL) ORB OP SO BR P PV VAV AC OA
Adult 1 3 0 (6) 3)+@ an (&) B3)+16+@)+1 6
16.5 0 0 0 ) 0 0 0 0 0
16.5 0 0 0 3) 0 3) 0 0 0
19.2 0 0 0 4) 0 (10) 0 0 0
21.0 1 1 0 ) 2)+4) (10/11) 0 (2)+0+0+0 0
213 1 1 0 (4/5) 3)+@4) (10) 0 3)+0+(2)+0 0
21.8 1 2 0 O] 3)+@) an 2) (3)+8+(4)+0 2
242 1 2 0 (6) 3)+4) (11) ) 3)+9+4)+0 2
*Parenthetical numbers indicate photophores found in common glands; nonparenthetical numbers indicate photophores are single.

22.4 mm SL

Long anal fin (24—25 rays)

Figure A, NWAFC original (B. Vinter).
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STOMIOIDEI

Table 16

Meristic characters of stomioid genera. Most frequent count or range is followed by overall range or infrequent count in parentheses
(Kawaguchi and Moser 1984, in part).

Fin rays
Taxon Vertebrae Dorsal Anal Pectoral Pelvic

Chauliodontidae

Chauliodus 51-62 6,7 (5-7) 10-12(10-13) 12,13(11-14) 7(6-8)
Melanostomiidae

Bathophilus 38-45(33-50) 13-16 (9-18) 15-16 (9-18) 1-37 11-16(4-26)

Eustomias 56-69 21-25(20-30) 32-46 0-13 7(6-8)

Opostomias 60 21 24 1+4 8

Tactostoma 80-82 14-16 19-22 0 8-10
Malacosteidae

Aristostomias 44-56 18-26 24-32 6-10 (3-17) 6
Idiacanthidae

Idiacanthus 79-85 54-74 34(33-39) 0 6

Table 17

Photophore counts of stomioid genera. Most frequent count or range is followed by overall range or infrequent count in parentheses (Kawaguchi
and Moser 1984, in part). Photophore groups as defined by Ahlstrom et al. (1984c) (see Table 9).

Photophore groups

Taxon P PV VAV AC oV VA

Chauliodontidae

Chauliodus 8-11 17-23 22-30 8-13 17-21 22-29
Melanostomiidae

Bathophilus 5(4-6) 12-18 11-13(11-17) 57 (59 13-14(10-16) 9-11 (8-17)

Eustomias 7-8(9) 27-33(24-36) 13-17(11-21) 17-23(15-25) 26-33(24-37) 13-18(12-22)

Opostomias 4+4 27 17 16 27 17

Tactostoma 8 46 19 12 43 18
Malacosteidae

Aristostomias 543 15-17(14-19) 15-18 9-11(12) 16-19(14-20) 15-17(14-18)
Idiacanthidae

Idiacanthus IP+PV=31-36 16-18(15) 13-18 22-25 31-35(30-36)

Table 18

Pigment characters and gut structure (NT = not trailing, T = trailing freely) in larvae and transforming specimens of stomioids
(Kawaguchi and Moser 1984, in part).

Length Length of Dorsal myomere Epaxial myoseptum Hypaxial myoseptum
of larvae transforming melanophores melanophores melanophores Gut
Taxon (mm) specimens (mm) (n/myomere) = —-mememeemmeeeeeen (n/myoseptum) ------------m--munne structure

Chauliodontidae

Chauliodus macouni 38-49 35-44 0 0 0 NT*
Melanostomiidae

Bathophilus flemingi 2.9-23.8 — 1 to several 0 0 NT

Eustomias sp. 33 — 7 total 0 0 T

Eustomias sp. 13 — 7 total 0 0 T

Eustomias spp. (4 types) 6-45 - 5-11 total 0 0 T

Opostomias mitsuii 15-21 — 1 0-1 12 NT

(2-3 posteriorly) (3-5 posteriorly)

Tactostoma macropus 5-44 49 0-1 0 1-3 NT
Malacosteidae

Aristostomias scintillans 43-47 45 14 total 0 0 T
Idiacanthidae

Idiacanthus antrostomus 4.5-71 67> 0 0 1 T

*Trails slightly.
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CHAULIODONTIDAE

Chauliodus macouni Bean 1890

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 56-60-62 EGGS
Precaudal: 56-56-56 Diameter 2.69-3.17 mm
Caudal: 4-4-4 No. of oil globules None
Branchiostegal rays 16-X-21 Oil globule diameter
Caudal fin X, 10+9, X Yolk Segmented
Pelvic fin Abdominal Envelope Smooth, clear
R: 6-7-8 Hatch size 6-7 mm SL
Dorsal fin R: 5-6-7 Incubation time/temp.
Pectoral fin R: 10-X-13 Pigment
Anal fin R: 10-X-13 ® Pigment in caudal region of yolksac larvae, but soon
Gill rakers U: 3-3-3 L: 8-8-8 disappears

LIFE HISTORY

Range South of southern California to
Bering Sea, 54-66°N
Ecology Epi-, meso-, and bathypelagic,
76-4231 m
ELH pattern Oviparous, pelagic eggs, pelagic
larvae
Spawning Season:
Area:
Mode:
Migration:
Fecundity Range/function:
Age at first maturity
Longevity >8 yri

Fitch and Lavenberg 1968
®Marked shrinkage at transformation.

Ref: Kawaguchi and Moser 1984.
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Diagnostic characters
® Wide perivitelline space, 0.5 mm
® Yolk segmented
® Large egg size

LARVAE

Preanal length Long, >75% SL
Length at flexion >15 mm SL
Length at transformation Adult ~35-46 mm SLP
Sequence of fin Dorsal, anal, and pelvics
development form late in postflexion
larvae in adult position
Pigment
® According to Kawaguchi and Moser (1984),
unpigmented except for fan-shaped caudal finfold in
yolksac larvae. We have not collected any yolksac
larvae and therefore have not observed this pigment.
A figure of a yolksac C. sloani is included for com-
parison only.

Diagnostic characters
® Morphology: Small head, elliptical eyes, long gut,
slender body
® Median finfold shape
® Lack of pigmentation
e Slightly trailing gut



Pacific viperfish CHAULIODONTIDAE

Segmented
yolk

(Chauliodus sloani)

Lack of pigment

Wide perivitelline 2.93 mm
space

Gut trails slightly

Sum

45.2 mm

Figure A, Matarese and Sandknop 1984; B, Mito 1961 (western Pacific specimen); C—D, Kawaguchi and Moser 1984.
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MELANOSTOMIIDAE

Bathophilus flemingi Aron and McCrery 1958

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 44-46-48 EGGS

Precaudal: X-X-X Diameter

Caudal: X-X-X No. of oil globules
Branchiostegal rays  10-10-10 Oil globule diameter
Caudal fin X, 10+9, X Yolk
Pelvic fin Abdominal Envelope

R: 15-15-17 Hatch size
Dorsal fin R: 15-15-16 Incubation time/temp.
Pectoral fin R: 4-5-7, jugular Pigment
Anal fin R: 16-17-17
Gill rakers U: X-X-X L: X-X-X

LIFE HISTORY
Range South of southern California to
Brit. Col., 48°30°-55°N
Ecology Meso- and bathypelagic
ELH pattern Parity and eggs unknown, pelagic
larvae
Spawning Season:
Area:
Mode:
Migration:
Fecundity Range/function:

Age at first maturity
Longevity

Ref: Kawaguchi and Moser 1984, Ozawa and Aono 1986.
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Diagnostic characters

LARVAE

Preanal length
Length at flexion
Length at transformation <25 mm SL
Sequence of fin Dorsal, anal, and caudal
development before pectorals and
pelvics

>75% SL

Pigment
® One to several melanophores per myomere along
dorsum with opposing series along ventral surface
e Head, finfolds, median fins
® Anterodorsal surface of gut and on hindgut
® Pigment more concentrated in larger specimens

Diagnostic characters
® Deep bodied
® Large head, jaws
e Gut large (highly developed trailing s-shaped
terminus)
® No midlateral pigment
® Jarge pigmented median finfolds
® Origin of dorsal and anal fin opposite each other



Highfin dragonfish MELANOSTOMIIDAE

Pigmented trailing gut with : 11.0 mm SL
s-shaped terminus (Bathophilus sp.,)

Pigment in finfolds

Figures A—B, Beebe and Crane 1939 (North Atlantic specimens); C, Kawaguchi and Moser 1984.
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MELANOSTOMIIDAE

Eustomias sp.?

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 72-X-78 EGGS

Precaudal: X-X-X Diameter

Caudal: X-X-X No. of oil globules
Branchiostegal rays X-X-X Oil globule diameter
Caudal fin X, 10+9, X Yolk
Pelvic fin Abdominal? Envelope

R: 6-X-8 Hatch size
Dorsal fin R: 20-X-30 Incubation time/temp.
Pectoral fin R: 0-X-13 Pigment
Anal fin R: 32-X-46
Gill rakers U: X-X-X L: X-X-X

LIFE HISTORY

Range Oregon, 42-46°N
Ecology
ELH pattern Parity and eggs unknown, pelagic
larvae

Spawning Season:

Area:

Mode:

Migration:
Fecundity Range/function:
Age at first maturity
Longevity

#Possibly 1-4 species in the area, although only one larval form has been collected.

Ref: Kawaguchi and Moser 1984, Ozawa and Aono 1986.
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Diagnostic characters

LARVAE - Genus
Preanal length
Length at flexion
Length at transformation ~45 mm SL
Sequence of fin

development
Pigment

® 5-11 large melanophores along dorsal midline

® Lower jaw symphysis

>75% SL (trailing gut)

Diagnostic characters
e Morphology: Slender body, head elongate and flat
e Gut: Long, slender, deflected ventrad at anal fin
origin, trailing from body
® Dorsal pigment patches
¢ Origin of dorsal fin behind that of anal fin
Distinguished from Aristostomias scintillans (p. 118) by
e Unpigmented gut
e Lack of ventral body pigment
e <20 dorsal spots (5-11)



Scaleless dragonfishes MELANOSTOMIIDAE

A 5—11 dorsal pigment patches

Trailing gut directed
ventrad

Figure A, Kawaguchi and Moser 1984 (after Regan 1916).
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MELANOSTOMIIDAE

Opostomias mitsuii Imai 1941

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: X-X-X EGGS

Precaudal: X-X-X Diameter

Caudal: X-X-X No. of oil globules
Branchiostegal rays 10-X-15 Oil globule diameter
Caudal fin X, 10+9, X Yolk
Pelvic fin Abdominal Envelope

R: 7-X-8 Hatch size
Dorsal fin R: 21-X-23 Incubation time/temp.
Pectoral fin R: 5-5-5 Pigment
Anal fin R: 21-X-24

Gill rakers

LIFE HISTORY

U: 2-2-2 L: 8-8-8

Range

Ecology
ELH pattern

Spawning

Fecundity
Age at first maturity
Longevity

S. California, 32-34°N, to
Brit. Col., 48°30'-55°N

Epi- and mesopelagic

Parity and eggs unknown, pelagic
larvae

Season:

Area:

Mode:

Migration:

Range/function:

Ref: Kawaguchi and Moser 1984, Ozawa and Aono 1986.
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Diagnostic characters

LARVAE

Preanal length
Length at flexion
Length at transformation

Sequence of fin Caudal, dorsal, and anal
development before pectorals and pelvics
Pigment
® One expanded melanophore per myomere along
dorsum

® 1-2 melanophores on each hypaxial myoseptum
® Area under dorsal fin appears banded

® Dorsally on head

e Gill arch

e Gut terminus

Diagnostic characters
® Morphology
—Moderately deep body
—Large mouth
—Large finfold
—Elongate sloping snout
—Eyes small
—No trailing gut
* Pigment pattern
® Origin of dorsal fin slightly before that of anal fin
® 13-15 myomeres between pelvic and anal fins



Pitgum dragonfish MELANOSTOMIIDAE

Melanophores along dorsum Pigment band between
dorsal and anal fins

Hypaxial spots

Figure A, Kawaguchi and Moser 1984 (western Pacific specimen).
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MELANOSTOMIIDAE

Tactostoma macropus Bolin 1939

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 80-X-82 EGGS
Precaudal: X-X-X Diameter 1.39-1.54 mm
Caudal: X-X-X No. of oil globules One
Branchiostegal rays  13-13-13 Oil globule diameter 0.3-0.4 mm
Caudal fin X, 10+9, X Yolk Segmented
Pelvic fin Abdominal Envelope Smooth
R: 8-9-10 Hatch size 5 mm SL
Dorsal fin R: 14-X-17 Incubation time/temp.
Pectoral fin Absent in adults Pigment
Anal fin R: 19-19-22
Gill rakers U: X-X-X L: X-X-X
Diagnostic characters
® Oil globule large and ventral
LIFE HISTORY ° Egg round
Range S. California, 32-34°N, to
Bering Sea, 54-66°N LARVAE
Ecology Epi- and mesopelagic, 31-549 m Preanal length >75% SL
ELH pattern Oviparous, pelagic eggs, pelagic Length at flexion
. larvae Length at transformation 44-49 mm SL
Spawning Season: Summer (Oregon)? Sequence of fin Caudal, dorsal and anal,
Area: development pectorals and pelvics
Mf’de: _ Pigment
Migration: e In early larvae, one melanophore per myomere
Fecundity Range/function: 24,000-66,000

(one spawn/year)?
Age at first maturity 6 yr (females)?

Longevity

#Fisher and Pearcy 1983

Ref: Kawaguchi and Moser 1984, Ozawa and Aono 1986.
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along dorsum and 1-3 melanophores on hypaxial
myosepta; postflexion larvae gradually lose the
dorsal then ventral melanophores

® Lower jaw, isthmus, pectoral fin base, cleithrum,
gut terminus, caudal peduncle

Diagnostic characters

® Morphology: Body elongate and flat, gut slender,
finfold moderate

® Pectoral fin lost at transformation

® Decrease in pigment with development

® No trailing gut

® Finfolds unpigmented

Distinguished from Chauliodus macouni (p. 108) by

® Presence of pigment

® Posterior position of dorsal fin (origin of dorsal and
anal fin opposite each other)



Longfin dragonfish MELANOSTOMIIDAE

Melanophores along dorsum

14.3 mm SL

Melanophores on
hypaxial myosepta

Dorsal melanophores lost

Figure A, NWAFC original (B. Vinter); B, Kawaguchi and Moser 1984.
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MALACOSTEIDAE

Aristostomias scintillans (Gilbert 1915)

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 54-54-54 EGGS

Precaudal: X-X-X Diameter

Caudal: X-X-X No. of oil globules
Branchiostegal rays  8-8-8 Oil globule diameter
Caudal fin X, 10+9, X Yolk
Pelvic fin Abdominal Envelope

R: 6-X-7 Hatch size
Dorsal fin R: 21-X-23 Incubation time/temp.
Pectoral fin R: 4-X-8 Pigment
Anal fin R: 25-X-29
Gill rakers U: X-X-X L: X-X-X

LIFE HISTORY

Range South of southern California to
Bering Sea, 54-66°N
Ecology Epi- and mesopelagic
ELH pattern Parity and eggs unknown, pelagic
larvae
Spawning Season:
Area:
Mode:
Migration:
Fecundity Range/function:
Age at first maturity
Longevity

Ref: Kawaguchi and Moser 1984.
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Diagnostic characters

LARVAE

Preanal length
Length at flexion
Length at transformation 45 mm SL
Sequence of fin Dorsal, anal, and caudal;
development pectorals, pelvics
Pigment
e Series of paired melanophores along dorsum; initially
14 pairs which increase in number with development
¢ Paired ventral series develops initially posteriorly
and increases in number with development
¢ Brain, snout, lower jaw, otic region, gular-isthmus
region, caudal fin, gut

Diagnostic characters
e Morphology: Body and gut slender, trailing gut,
large flat head, finfold moderate
Distinguished from Eustomias spp. (p. 112) by
* Pigment on trailing gut
® Pigment along ventral midline



Shiny loosejaw MALACOSTEIDAE

A ~20 dorsal pigment spots

N Ventra ==

Ring pattern on
trailing gut

Figure A, Kawaguchi and Moser 1984.
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IDIACANTHIDAE Idiacanthus antrostomus Gilbert 1890
MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 81-X-83 EGGS
Precaudal: X-X-X Diameter
Caudal: X-X-X No. of oil globules
Branchiostegal rays 12-X-18 Oil globule diameter
Caudal fin X, 10+9, X Yolk
Pelvic fin? Abdominal Envelope
R: 6-6-6 Hatch size
Dorsal fin R: 54-X-66 Incubation time/temp.
Pectoral fin Absent in adults Pigment
Anal fin R: 28-X-43
Gill rakers U: X-X-X L: X-X-X

LIFE HISTORY

Range South of southern California to
N. California, 38-42°N

Ecology Meso- and bathypelagic

ELH pattern

Parity and eggs unknown, pelagic
larvae

Spawning Season:
Area:
Mode:
Migration:
Fecundity Range/function: 14,0002

Age at first maturity

Longevity

>6 yr (females)?
<1 yr (males)?

*Fitch and Lavenberg 1968
®Pectoral fins lost at transformation.
“Pelvic fins develop in transforming females.

Ref: Kawaguchi and Moser 1984.
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Diagnostic characters

LARVAE

Preanal length
Length at flexion
Length at transformation 35-70 mm SL
Sequence of fin Caudal, dorsal and anal,
development pectorals,? pelvics®
Pigment - Genus
® Melanophore on posterior margin of each hypaxial
myomere
® Isthmus
® Series along trailing gut

Diagnostic characters - Genus

® Morphology
—Extremely slender body
—Elongate flat head
—Elliptical eyes on stalks with cartilaginous support

rods (27% BL)

—Trailing gut
—Small finfold

Distinguished from I. fasciola by

® Longer eye stalk and trailing gut

Since specimens are often damaged and pigment patterns are
similar, the two species may be difficult to separate. In
addition to the above characters, the two species differ in
size at various stages of development. 1. antrostomus lar-
vae are 4.5-71.0 mm SL, transforming at sizes >67 mm SL.
L. fasciola larvae are 16-28 mm SL, transforming at sizes
between 35 and 48 mm SL.



Pacific blackdragon IDIACANTHIDAE

Melanophore on
posterior margin of each
hypaxial myomere

R T 2 .:'v«‘
> - & X N
‘;',‘l}i!lv
ib. P et e
{ .1'

Melanophores along
trailing gut

55 mm

Figure A, Kawaguchi and Moser 1984.

121



IDIACANTHIDAE

Idiacanthus fasciola Peters 1876

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: X-X-X EGGS

Precaudal: X-X-X Diameter

Caudal: X-X-X No. of oil globules
Branchiostegal rays 12-X-18 Oil globule diameter
Caudal fin X, 1049, X Yolk
Pelvic fin Abdominal Envelope

R: 6-6-6 Hatch size
Dorsal fin R: 56-X-77 Incubation time/temp.
Pectoral fin Absent in adults Pigment
Anal fin R: 38-X-54
Gill rakers U: X-X-X L: X-X-X

LIFE HISTORY

Range

Ecology
ELH pattern

Spawning

Fecundity
Age at first maturity
Longevity

Ref: Kawaguchi and Moser 1984.

South of southern California to
Oregon, 42-46°N

Meso- and bathypelagic

Parity and eggs unknown, pelagic
larvae

Season:

Area:

Mode:

Migration:

Range/function:
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Diagnostic characters

LARVAE

Preanal length
Length at flexion

Length at transformation 32-42 mm SL (males)

Sequence of fin
development
Pigment
® See I. antrostomus (p. 120)

Diagnostic characters
® See 1. antrostomus

® Depending on length of larvae, length of trailing gut

may differ



IDIACANTHIDAE
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Figures A—F, Beebe 1934 (North Atlantic specimens).
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Scopelomorpha: Aulopiformes
Myctophiformes

The myctophiforms (Myctophidae and Neoscopelidae) and aulopiforms (J. Nelson 1984) are treated together here. According
to J. Nelson (1984), these orders consist of 14 families, and about 75 genera with 429 species. Although several families
are benthic (e.g., synodontids), most families consist of deep-sea, pelagic, and benthopelagic forms. Many families (not mycto-
phids) are synchronous hermaphrodites. The diverse early-life-history stages are generally well known and can be distin-
guished by morphological characters (head, gut, body) and pigment patterns. Additionally, photophore patterns and develop-
ment are especially helpful in myctophid fishes, while gut pigment (i.e., number and development of peritoneal patches)
is an important character distinguishing some of the other families.

Families in study area: Scopelarchidae
Notosudidae
Synodontidae
Bathysauridae
Paralepididae
Anotopteridae
Alepisauridae
Neoscopelidae
Myctophidae
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SCOPELARCHIDAE

Benthalbella spp.

MERISTICS B. dentata (Chapman 1939) EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 54-54-55 EGGS
Precaudal: X-X-X Diameter

Caudal: X-X-X
Branchiostegal rays  8-8-8
Caudal fin X, 1049, X
Pelvic fin Abdominal
R: 9-9-9
Dorsal fin R: 6-7-8
Pectoral fin R: 21-24-25
Anal fin R: 17-19-21
MERISTICS B. linguidens
(Mead and Béhlke 1953)
Vertebrae Total: 64-64-64
Precaudal: X-X-X
Caudal: X-X-X
Branchiostegal rays X-X-X
Caudal fin X, 10+9, X
Pelvic fin Abdominal
Dorsal fin R: 8-X-9
Pectoral fin R: 24-X-25
Anal fin R: 28-X-30

LIFE HISTORY

Range

Ecology
ELH pattern

South of southern California to
Bering Sea, 54-66°N®

Mesopelagic, 200-1000 m®

Oviparous, eggs unknown,
pelagic larvae

Spawning Season:
Area:
Mode: Synchronous
hermaphrodites*®
Migration:
Fecundity Range/function:
Age at first maturity
Longevity

#B. linguidens only to Oregon, 42-46° N.

®B. dentata only, B. linguidens larvae are incompletely known.

¢Johnson 1974a

4Larvae of Benthalbella spp. are unique among scopelarchids in achieving a large
size (50-100 mm SL) while retaining a purely larval form and then exhibiting a very
rapid transformation. The largest known larvae of B. linguidens = 85.5 mm SL,
and may transform at larger sizes than B. dentata. Transformation is complete when
peritoneal pigment first appears (uniformly in mesentary dorsal to gut from between
pectoral fin bases to behind pelvic fins).

Ref: R.K. Johnson 1984.
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No. of oil globules
Oil globule diameter
Yolk

Envelope

Hatch size

Incubation time/temp.
Pigment

Diagnostic characters

LARVAE"

Preanal length Anus moves posteriad
during transformation

Length at flexion

Length at transformation 50 mm SL4

Sequence of fin Caudal; dorsal, anal, and

development dorsal part of pectoral;
pelvics; ventral part of
pectoral
Pigment

® No “accessory” pigment
® No “dermal” pigment; develops in transforming
larvae and persists in adults

Diagnostic characters
® Gut expansion (in larvae, anus anterior to pelvic fin
base but moves posteriad during transformation)
¢ Pelvic fin origin ahead of dorsal fin origin
® Adipose fin develops posterior to anal fin
® No peritoneal pigment in larvae



Pearleyes SCOPELARCHIDAE

B. linguidens

49.0 mm SL

B. dentata

42.8 mm SL

53.0 mm SL

Figures A—C, Johnson 1974a.
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NOTOSUDIDAE

Scopelosaurus harryi (Mead 1953)

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 58-X-61 EGGS
Precaudal: X-X-X Diameter Probably small
Caudal: X-X-X No. of oil globules
Branchiostegal rays 10-10-10 Oil globule diameter
Caudal fin X, 10+9, X Yolk
Pelvic fin Abdominal Envelope
R: 9-X-10 Hatch size
Dorsal fin R: 10-X-12 Incubation time/temp.
Pectoral fin R: 10-X-14 Pigment
Anal fin R: 16-X-19
Gill rakers U: 2-2-2 L: 17-X-19

LIFE HISTORY

Range S. California, 32-34°N, to
Aleutian Is., 51-55°N
Ecology Mesopelagic, 500-800 m

ELH pattern Oviparous, pelagic eggs,

pelagic larvae

Spawning Season:
Area:
Mode: Synchronous
hermaphrodites?
Migration:
Fecundity Range/function:
Age at first maturity
Longevity
#Qkiyama 1984

Ref: Okiyama 1984, Ozawa 1978.
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Diagnostic characters

LARVAE

Preanal length
Length at flexion
Length at transformation 25-45 mm SL
Sequence of fin Caudal, anal, dorsal,
development pectorals, pelvics (family)
Pigment
e Restricted to tail along hypural region

<50% SL

Diagnostic characters—Family

e Hypural pigment: Exact distribution of pigment on
the hypural region is diagnostic for species within
the family

® Long body, becoming compressed toward tail

® Depressed head

e Posteriorly protruding lobes in brain (corpus
cerebelli)

¢ Conical mass of choroid tissue around narrowed
eye; long axis of the narrow eye is horizontal rather
than vertical or oblique as it is in most other
narrow-eyed larvae

e Anus at midbody; widely separated from anal fin

® Maxillary teeth



Scaly paperbone NOTOSUDIDAE

(Scopelosaurus smithii) 13.4 mm SL
B Hypural pigment
=_ 6 ))D 2 ] ‘_----.:
27.3 mm

Figure A, Okiyama 1984 (southwestern Pacific specimen); B—C, Bertelsen et al. 1976 (North Atlantic specimens).

129



BATHYSAURIDAE

Bathysaurus mollis Giinther 1878

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 50-X-52 EGGS
Precaudal: X-X-X Diameter Ovarian eggs of B. ferox
Caudal: X-X-X 1.2 mmb®
Branchiostegal rays  8-8-8 Number of oil globules
Caudal fin 7, 1049, 6 Oil globule diameter
Pelvic fin Abdominal Yolk
R: 8-8-8 Envelope
Dorsal fin R: 15-X-17 Hatch size
Pectoral fin R: 16-X-17 Incubation time/temp.
Anal fin R: 11-13-13 Pigment
Gill rakers U: 5-X-6 L: 14-X-16
Diagnostic characters
LIFE HISTORY
LARVAES®
Range South of southern California to Preanal length 70% SL
Oregon, 42-46°N Length at flexion
Ecology Bathybenthal Length at transformation >83 mm SL (gradual)?
ELH pattern Oviparous, pelagic eggs, Sequence of fin
pelagic larvae development
Spawning Season: Pigment
Area: e Peritoneal patches, about five; about six short bars
Mode: Synchrpnous laterally on gut
hermaphrodites* e About 17 vertical bars along body, 8 shorter bars
) Migration: _ in interspaces between vertical bars
Fecundity _ Range/function: * Several spots on head and fin rays
Age at first maturity
Longevity Diagnostic characters—Family
¢ Elongate fins
e Anterior placement of dorsal and pelvic fins
¢ Raised dorsal and anal fin bases
¢ Long gut terminating in front of anal origin
e Pigment: Peritoneal (5-6 sections) and lateral bars
*Okiyama 1984

"Wenner 1978

€ B. mollis larvae originally described as ‘‘Macristium’’ larvae (Johnson 1974b). An
illustration of B. ferox is provided for comparison and to show fin rays intact.

dChanges at transformation include shortening of fins, expansion of gape, backward
shift of dorsal fin origin, and darkening of body surface, oral cavity, and peritoneum.
According to Sulak et al. (1985), the large sizes attained by these larvae suggest
a long oceanic existence prior to transformation.

Ref: Johnson 1974b, Okiyama 1984, Sulak et al. 1985.
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Highfin lizardfish BATHYSAURIDAE

SEEN

B Bathysaurus ferox
Lateral pigment bars

33 mm SL

Pigment on
pelvic fin

Figure A, Johnson 1974b (Gulf of Mexico specimen); B, Marshall 1960 (Atlantic specimen).
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SYNODONTIDAE

Synodus lucioceps (Ayres 1855)

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 60-62-63 EGGS
Precaudal: 49-52-54 Diameter 1.33-1.44 mm
Caudal: 8-10-11 No. of oil globules None

Branchiostegal rays

Caudal fin
Pelvic fin

Dorsal fin
Pectoral fin
Anal fin
Gill rakers

LIFE HISTORY

18-18-18

L: X-X-X

Range

Ecology
ELH pattern

South of southern California to
N. California, 38-42°N?

Epi- and mesodemersal

Oviparous, pelagic eggs,

pelagic larvae

Spawning Season:
Area:
Mode:
Migration:
Fecundity Range/function:
Age at first maturity
Longevity

?During “‘El Nifio’ years, adults occur as far north as Puget Sound, Washington.
Postflexion larvae were collected off Oregon during the strong El Nifio summer of
1982 (B. Mundy, NMFS Southwest Fish. Cent., Honolulu Lab., 2570 Dole St.,
Honolulu, HI 96822, pers. commun., 1 Oct. 1986).

®See Sumida et al. 1979.

“Data on preflexion and postflexion larvae are from E.H. Ahlstrom notes. Illustra-
tions are unavailable.

Ref: Okiyama 1974, 1984; Ozawa 1986¢c; Sumida et al. 1979.
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Oil globule diameter

Yolk

Envelope Hexagonal surface
Hatch size <4.7 mm SL
Incubation time/temp.

Pigment

® Unpigmented until late stage of development when
pigment first appears along dorsal midline

® Few scattered yolksac spots

® Late-stage embryo resembles newly hatched larva
with distinctive pigment along gut

Diagnostic characters
e Hexagonal surface similar to Pleuronichthys
coenosus (p. 616) except hexagons are wider
(0.047 mm vs. 0.035 mm) and irregularly arranged®

LARVAE®
Preanal length >50% SL
Length at flexion ~10.5 mm SL

Length at transformation
Sequence of fin
development
Pigment
e Seven evenly spaced pairs of ‘“peritoneal patches’
which form gradually
® Spot on postanal ventral midline midway between
anus and tail
® Spot in area where hypurals are forming

Caudal, anal, dorsal,
pectorals, pelvics

’

Diagnostic characters
¢ Distinctive peritoneal patches (seven)
® Preanal finfold
® Deeper body than other Synodus spp.



California lizardfish SYNODONTIDAE

Spot on
hypural
area

Seven peritoneal patches 10.5 mm

Figure A, Okiyama 1984.
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PARALEPIDIDAE

Lestidiops ringens (Jordan and Gilbert 1881)

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 84-X-87 EGGS

Precaudal: 41-41-41 Diameter

Caudal: X-X-X No. of oil globules
Branchiostegal rays  8-8-8 Oil globule diameter
Caudal fin 13, 10+9, 13 Yolk
Pelvic fin Abdominal Envelope

R: 8-10-11 Hatch size
Dorsal fin R: 9-12-12 Incubation time/temp.
Pectoral fin R: 11-11-12 Pigment
Anal fin R: 26-26-33
Gill rakers U: 3-X-9 L: 21-X-31

LIFE HISTORY

Range South of southern California to
Brit. Col., 48°30°-55°N
Ecology Epi-, meso-, and bathypelagic

ELH pattern Oviparous, eggs unknown,

pelagic larvae

Spawning Season:
Area:
Mode: Synchronous
hermaphrodites?
Migration
Fecundity Range/function:
Age at first maturity
Longevity

#Okiyama 1984

b Peritoneal pigment patches are sequentially formed with gradual lengthening of the
gut. The number of patches (called *‘sections’” by Okiyama 1984) may be species-
specific. In general, these patches develop by 5-10 mm SL and persist until 15-45
mm SL. Other characteristic paralepidid pigment may include dorsum of body, caudal
peduncle, and caudal and pectoral fins.

€ General morphological characters in paralepidids are a long compressed body, short
gut increasing in length with development, head increasing in relative size with
development, elongate snout, well-developed preanal finfold, and eyes initially ovoid,
becoming round with development.

Ref: Okiyama 1984.
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Diagnostic characters

LARVAE

Preanal length <50% SL, increasing with
development
Length at flexion
Length at transformation ~45 mm SL
Sequence of fin Caudal, anal, dorsal,
development pectorals, pelvics (family)
Pigment
® Tip of jaw, two dorsal and one ventral midline spot
e Peritoneal patches increase during development to
about seven
® With development, head, dorsal and anal fin bases,
and caudal peduncle

Diagnostic characters - Family
e Pigment, especially peritoneal patches®
¢ Elongation of gut with development
® Morphology®

Distinguished from Notolepis rissoi and Paralepis atlantica
by
Lestidiops Notolepis Paralepis
No. peritoneal patches
(flexion larvae) 3 1 2
(postflexion larvae) 7 12 3
No. myomeres 84-87 72-74 76-83



Slender barracudina PARALEPIDIDAE

A

® ./ —————
) Ventral 9.4 mm NL
Short gut with 2 pigment

peritoneal patches

Gut with 3 peritoneal 16.5 mm NL
patches .

Pigment above and
Dorsal fin base below notochord

C pigment along peduncle

J Elongate gut with 7 ]
aw peritoneal patches Anal fin base
pigment pigment

28.5 mm SL

Figures A, C, Okiyama 1984; B, Moser 1981.
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PARALEPIDIDAE Notolepis rissoi (Bonaparte 1840)
MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 72-X-74 EGGS

Precaudal: 37-X-39 Diameter

Caudal: 39-X-41

Branchiostegal rays 8-8-8
Caudal fin X, 10+9, X
Pelvic fin Abdominal
R: 8-X-12
Dorsal fin R: 9-X-13
Pectoral fin R: 10-X-13
Anal fin R: 29-X-34
Gill rakers U: 3-X-9 L: 18-X-36

LIFE HISTORY

Range South of southern California to
Brit. Col., 48°30°-55°N
Ecology Epi-, meso-, and bathypelagic

ELH pattern Oviparous, eggs unknown,

pelagic larvae

Spawning Season:
Area:
Mode: Synchronous
hermaphrodites?
Migration:
Fecundity Range/function:
Age at first maturity
Longevity

#QOkiyama 1984

Ref: Okiyama 1984.
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No. of oil globules
Oil globule diameter
Yolk

Envelope

Hatch size

Incubation time/temp.
Pigment

Diagnostic characters

LARVAE

Preanal length <50% SL, increasing with
development

Length at flexion ~n13-18 mm SL

Length at transformation ~45 mm SL
Sequence of fin Caudal, anal, dorsal,
development pectorals, pelvics (family)
Pigment
® Peritoneal patches, 1 increasing with development
to 12 (see Lestidiops ringens)
® Above and below notochord on caudal peduncle
® Additional pigment along dorsum from dorsal fin
origin to tail with development

Diagnostic characters
® See L. ringens (p. 134)
® Pigment, peritoneal patches
® Morphology



Ribbon barracudina PARALEPIDIDAE

A
)\ —

One peritoneal patch 9.5 mm SL

18.0 mm SL

Pigment above and below
D notochord along peduncle

23.0 mm SL

Increase in peritoneal patches
with gradual lengthening of gut

Additional body
7 ] pigment on dorsum

L T

AN TYC) S S Ve
8—12 peritoneal patches

Figures A—F, Rofen 1966a (North Atlantic specimens).
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PARALEPIDIDAE Paralepis atlantica Krgyer 1891
MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 60-67-69 EGGS
Precaudal: 38-40-41 Diameter
Caudal: X-X-X No. of oil globules
Branchiostegal rays  8-8-8 Oil globule diameter
Caudal fin X, 1049, X Yolk
Pelvic fin Abdominal Envelope
R: 9-X-10 Hatch size
Dorsal fin R: 9-X-12 Incubation time/temp.
Pectoral fin R: 15-X-18 Pigment
Anal fin R: 20-X-23
Gill rakers U: 7-X-9 L: 26-X-32

LIFE HISTORY

Range South of southern California to
SE Alaska, 55-59° N
Ecology Epi-, meso-, and bathypelagic

ELH pattern Oviparous, eggs unknown,

pelagic larvae

Spawning Season:
Area:
Mode: Synchronous
hermaphrodites?
Migration:
Fecundity Range/function:
Age at first maturity
Longevity
#Okiyama 1984

Ref: Okiyama 1984.
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Diagnostic characters

LARVAE

Preanal length
Length at flexion
Length at transformation
Sequence of fin
development
Pigment
e Peritoneal patches, one increasing with development
to three (see Lestidiops ringens, p. 134)
® Few spots above and below notochord in caudal
peduncle region which, with development, form a
patch
® Patch at base of dorsal and anal fin, on cranium, on
upper jaw (late in development)

Caudal, anal, dorsal,
pectorals, pelvics (family)

Diagnostic characters
® See L. ringens
* Pigment, peritoneal patches
® Morphology



Duckbill barracudina PARALEPIDIDAE

Y

5.8 mm SL

One peritoneal patch

8.2 mm SL

Three peritoneal patches

Figures A—E, Rofen 1966a (North Atlantic specimens).
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ANOTOPTERIDAE

Anotopterus pharao Zugmayer 1911

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 76-80-83 EGGS
Precaudal: 48-52-54 Diameter

Caudal: 27-29-31

Branchiostegal rays 7-7-7
Caudal fin 14-15, 1049, 14
Pelvic fin Abdominal
R: 9-X-11
Dorsal fin Absent
Pectoral fin R: 12-X-16
Anal fin R: 14-X-17
Gill rakers U: X-X-X L: X-X-X

LIFE HISTORY

Range S. California, 32-34°N, to
Bering Sea, 54-66°N
Ecology Epi- and mesopelagic

ELH pattern Oviparous, eggs unknown,

pelagic larvae

Spawning Season:
Area:
Mode: Synchronous
hermaphrodites?
Migration:
Fecundity Range/function:
Age at first maturity
Longevity
#Qkiyama 1984

®Data are from one larva.

Ref: Okiyama 1984.
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No. of oil globules
0il globule diameter
Yolk

Envelope

Hatch size

Incubation time/temp.
Pigment

Diagnostic characters

LARVAE®
Preanal length
Length at flexion
Length at transformation <50 mm SL
Sequence of fin Only pectoral anlagen

development present at 14.2 mm SL
Pigment

® No peritoneal pigment patches, instead uniform

peritoneal pigment

® Snout, jaw

® Dorsal midline

e Tail tip

>50% SL

Diagnostic characters
® Morphology: Long slender body, large head,
pointed snout
e Fleshy prolongation at jaw tips
® Two large canine teeth
® Gut extending to midbody



Daggertooth ANOTOPTERIDAE

Fleshy prolongation 14.2 mm SL
of jaws

50.0 mm SL

Figure A, Okiyama 1984; B, Rofen 1966b (North Atlantic specimen).
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ALEPISAURIDAE

Alepisaurus ferox Lowe 1833

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 48-50-52 EGGS
Precaudal: 19-23-26 Diameter

Branchiostegal rays
Caudal fin
Pelvic fin

Dorsal fin
Pectoral fin
Anal fin
Gill rakers

LIFE HISTORY

Caudal: 24-27-31
8-8-8

X, 10+9, X
Abdominal

: 8-X-10
30-X-45
12-X-15
14-X-17
1 2-X-6

cRAAA

L: 16-X-24

Range
Ecology
ELH pattern

Spawning

Fecundity
Age at first maturity
Longevity

#Fitch and Lavenberg 1968
®Okiyama 1984

“Illustrations of preflexion and postflexion A. brevirostris are provided for comparison.

9 Transformation is gradual.

Ref: Okiyama 1984.

South of southern California to
Bering Sea, 54-66°N

Epi-, meso-, and bathypelagic,
0-1829 m

Oviparous, eggs unknown,
pelagic larvae

Season: May (California)?

Area:

Mode: Synchronous
hermaphrodites®

Migration:

Range/function:
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No. of oil globules
Qil globule diameter
Yolk

Envelope

Hatch size

Incubation time/temp.
Pigment

Diagnostic characters

LARVAE®

Preanal length
Length at flexion
Length at transformationd
Sequence of fin
development
Pigment
® Genus: Preflexion larvae appear to be unpigmented
except for pectoral fins
® Postflexion
—Heavy gut pigment
—Pigment patch at anal fin origin
—Pectoral fins
—Saddle in area of adipose fin
—Patch along midline over gut

Pectorals, caudal, dorsal,
anal, pelvics

Diagnostic characters
Distinguished from other species of Alepisaurus by
® Four preopercular spines
® Bony ridges on head
® Pigment patch at anal fin base
For family
® Large head and mouth
® Prominent canines on dentary
® Small fins
e Short gut



Longnose lancetfish ALEPISAURIDAE

6.9 mm SL

(Probably Alepisaurus brevirostris)

Pigment saddle at adipose fin

Large canines ‘ He ' auit pigrient
avy
on dentary 10.0 mm SL

(Probably A lepisaurus brevirostris)

17.2 mm SL

Figures A, C, Rofen 1966c (specimens collected off Bermuda); B, Okiyama 1984 (Hawaiian specimen).
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NEOSCOPELIDAE

Neoscopelus macrolepidotus Johnson 1863

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae? Total: 30-X-31 EGGS (Ripe ovarian)

Precaudal: X-X-X Diameter 0.83-0.98 mm

Caudal: X-X-X No. of oil globules One
Branchiostegal rays  8-8-8 Oil globule diameter 0.39-0.61 mm
Caudal fin 6-8, 10+9, 5-7 Yolk
Pelvic fin Abdominal Envelope

R: 8-8-8 Hatch size
Dorsal fin R: 11-X-13 Incubation time/temp.
Pectoral fin R: 18-X-19 Pigment
Anal fin R: 10-X-13
Gill rakersP U: 3-3-3 L: 8-8-8 Diagnostic characters

(T: 10-X-12)

LIFE HISTORY

Range*
Ecology
ELH pattern

Spawning

Fecundity
Age at first maturity
Longevity

#Genus vertebral range 29-35.

Brit. Col., 48°30'-55°N

Mesopelagic, 300-800 m

Oviparous, pelagic eggs,
pelagic larvae

Season:

Area:

Mode:

Migration:

Range/function:

YGill raker counts vary geographically.
°Peden and Hughes (1986); previously only off Japan and Hawaii.

Ref: Maruyama 1970; Nafpaktitis 1977; Okiyama 1974, 1984.
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LARVAE (Postflexion only)

Preanal length ~70% SL

Length at flexion

Length at transformation Fin rays formed by

10.0 mm SL
Sequence of fin Pectorals, dorsal, anal,
development caudal, pelvics

Pigment
® Small dorsal patches on peritoneum and hindgut

Diagnostic characters
® Pigment patch over hindgut (not solid as in other
myctophiforms)
® Small preopercular spines
Distinguished from most myctophiforms by
e Lack of peritoneal pigment patches
For family
e Morphology
—Deep body
—Large head
—Large pectoral fin
® Round eye without choroid tissue
e Lightly pigmented



Glowingfish NEOSCOPELIDAE

Neoscopelus sp.

7.9 mm SL

Preopercular Small dorsal pigment patches
spines on peritoneum and hindgut

Figure A, Okiyama 1984 (southwestern Japan specimen).
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MYCTOPHIDAE

Lanternfishes are worldwide in distribution, having 32 genera with 235 species found from the Arctic to the Antarctic.
Myctophids generally have large eyes, large terminal mouths, photophores, and a black body color. In the Northeast Pacific,
20 species occur within two subfamilies: Myctophinae and Lampanyctinae. Most of the species (13) are members of the
Lampanyctinae.

Myctophids are oviparous and presumably all produce planktonic eggs (Moser et al. 1984a). Eggs of only two species
have been described: Electrona rissoi by Sanzo (1939) and Lampanyctodes hectoris by Robertson (1977). Eggs of both species
are small (<1.0 mm), possess a single large oil globule, segmented yolk, smooth chorion, and at least Lampanyctodes eggs
possess a fragile chorion. We have identified several types of myctophid eggs with these characteristics, in particular a fragile
chorion. At least two of these types are probably Diaphus and Stenobrachius (based on egg characters and the presence of
yolksac larvae of those species in the same samples).

The larval photophore complements and the sequence of appearance of photophores are useful characters. Most myctophids
develop the Br2 during the larval period (in the Northeast Pacific the only exception is Taaningichthys). The Br2 is located
posteroventral to the orbit but during transformation assumes a position beneath the orbit on the branchiostegal membrane.
Three myctophine genera and eleven lampanyctine genera develop additional photophores during the larval period, with the
Br2 always first to appear (Moser et al. 1984a). Of these 14 genera, only 4 are represented in our study area: Ceratoscopelus,
Lampadena, Diaphus, and Notoscopelus.

The taxonomic section on myctophids here is arranged according to the intrafamilial classification of the group (Table
19), since certain larval characters reflect this classification (e.g., larval eye shape).

Table 19
Myctophid taxa in the Northeast Pacific Ocean
(see Moser et al. 1984a, Paxton 1972 [tribes], J. Nelson 1984).

Subfamily Myctophinae (Eyes elliptical)
Tribe Electronini
Electrona rissoi
Protomyctophum crockeri
Protomyctophum thompsoni
Tribe Myctophini
Symbolophorus californiensis
Tribe Gonichthyini
Loweina rara
Tarletonbeania crenularis
Tarletonbeania taylori

Subfamily Lampanyctinae (Eyes mostly rounded)
Tribe Lampanyctini
Ceratoscopelus townsendi
Dorsadena (?=Lampadena) yaquinae*
Lampadena urophaos
Lampanyctus fernae
Lampanyctus jordani
Lampanyctus regalis
Lampanyctus ritteri
Parvilux ingens
Stenobrachius leucopsarus
Stenobrachius nannochir
Taaningichthys bathyphilus

Tribe Diaphini
Diaphus theta

Tribe Gymnoscopelini
Notoscopelus resplendens

*See Moser et al. (1984a); larvae are unknown.
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Lanternfishes MYCTOPHIDAE

Table 20
Meristic characters of the genera of Myctophidae (Moser et al. 1984a).
Fins
Caudal* Gill rakers
Taxon Vertebrae Dorsal Anal Pectoral Pelvic Upper Lower Upper Lower Branchiostegals
Myctophinae
Electrona 3341 12-16 18-22 11-17 8 6-10 6-9 3-10 12-25 7-8
Protomyctophum 35-41 10-14 21-27 14-17 8-9 7-9 6-9 4-7 14-21 8-10
Symbolophorus 36-42 12-16 18-24 12-20 8 8-10 7-9 4-7 12-19 9
Loweina 37-39 10-13 13-17 9-12 7-9 6-7 6-7 2-3 5-10 9
Tarletonbeania 4042 11-15 16-20 11-16 8 5-8 5-8 4-6 10-12 8
Lampanyctinae
Ceratoscopelus 35-38 13-15 13-16 12-15 8 6-7 6-7 3-5 9-16 9
Dorsadena 14-15 12-14 15-16 8-9 4-5 12
Lampadena 35-40 13-16 12-15 13-18 8 8 8-9 3-8 9-18 9
Lampanyctus 30-40 10-19 14-21 0-17 8 6-8 6-8 3-8 9-19 8-11
Parvilux 35-38 14-17 15-18 10-13 8 8 89 4-6 11-15 10-11
Stenobrachius 35-38 12-15 14-16 8-10 8 6-8 79 5-6 12-14 9-10
Taaningichthys 3441 11-14 11-14 12-17 8 7-10 6-10 2-5 6-14 89
Diaphus 31-37 10-19 11-19 9-14 8 5-8 5-8 4-11 9-21 89
9 10-14 10-15 4-10 9-22 10

Notoscopelus 35-40 21-27 18-21 11-14 8-

*Principal caudal fin ray count is 10+9. Only secondary fin ray counts are given.

PHOTOPHORE GROUP TERMINOLOGY

Supracaudal gland

Infracaudal gland
/

Moser and Ahlstrom 1972.
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MYCTOPHIDAE

Electrona rissoi (Cocco 1829)

ELH pattern Oviparous, pelagic eggs,

pelagic larvae

Spawning Season:
Area:
Mode:
Migration:
Fecundity Range/function:
Age at first maturity
Longevity

Ref: Fahay 1983, Moser and Ahlstrom 1970, Moser et al. 1984a, Sanzo 1939,
TAaning 1918.

148

Sequence of fin

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 32-X-34 EGGS

Precaudal: X-X-X Diameter 0.80-0.84 mm

. Caudal: X-X-X No. of oil globules One

Branchiostegal rays  8-8-8 Oil globule diameter 0.28 mm
Caudal fin 6-8, 10+9, 6-7 Yolk Segmented
Pelvic fin Abdominal Envelope Smooth, fragile

R: 8-8-8 Hatch size
Dorsal fin R: 13-X-15 Incubation time/temp.
Pectoral fin R: 13-X-16 Pigment
Anal fin R: 18-19-20
Gill rakers U: 8-X-9 L: 18-X-21 Diagnostic characters
LIFE HISTORY LARVAE

. Preanal length 50% SL, with development
Range South of southern California to 50-75% SL
Oregon, 42-46°N Length at flexion 6.2-7.0 mm SL

Ecology Epi- and mesopelagic Length at transformation ~10 mm SL

Caudal, pectorals, anal,

development dorsal, pelvics

Pigment

® Lower jaw symphysis (see 7.9 mm)
® Pectoral fin blade (see 6.3 mm)

Diagnostic characters

® Photophores: Early Br2, usually forms at transfor-
mation in other species

® Morphology: Body moderately slender, head large

® Gut saccular, s-shaped

® Space between anus and anal fin origin but not as
large as in Protomyctophum spp.

® Eyes very narrow

¢ Transforms earlier than most myctophids
(9-10 mm SL) A

Distinguished from other myctophids with elliptical eyes
by

® Pigment on lower jaw tip and pectoral fin

® Lack of pigment on postanal body



Chubby flashlightfish MYCTOPHIDAE

Pigment on pectoral
fin blade

—\v._\/‘—\\—__‘"ﬂ‘ ‘______‘-\

73
" _~ Anterior of gut saccular,

posterior of gut slim

7.9 mm SL

jaw pigment
at tip

9.9 mm SL

Figures A—D, Moser and Ahlstrom 1970.



MYCTOPHIDAE

Protomyctophum crockeri (Bolin 1939)

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 36-X-37 EGGS

Precaudal: X-X-X Diameter

Caudal: X-X-X No. of oil globules
Branchiostegal rays 8-X-12 Oil globule diameter
Caudal fin 7-9, 10+9, 7-8 Yolk
Pelvic fin Abdominal Envelope

R: 8-8-8 Hatch size
Dorsal fin R: 11-12-13 Incubation time/temp.
Pectoral fin R: 13-16-17 Pigment
Anal fin R: 19-22-24
Gill rakers U: 4-5-6 L: 14-16-18 Diagnostic characters
LIFE HISTORY LARVAE

o Preanal length <50% SL
Range South of southern California to Length at flexion 7.2-8.8 mm SL
Washmgton, 46'4'8030 N Length at transformation 12-15 mm SL, as large as

Ecology Epi- and mesopelagic, 0-500 m 18 mm SL

ELH pattern Oviparous, eggs probably

pelagic, pelagic larvae

Spawning Season:
Area:
Mode:
Migration:
Fecundity Range/function:
Age at first maturity
Longevity

#Wisner 1974

Ref: Moser and Ahlstrom 1970, Moser et al. 1984a.

Sequence of fin
development
Pigment
¢ Preflexion larvae unpigmented
e Large melanophore over gut
¢ Postanal ventral melanophores in juveniles

Caudal, pectorals, anal,
dorsal, pelvics

Diagnostic characters

e Single spot over gut and lack of pigment elsewhere
(flexion and postflexion larvae)

For Genus

Distinguished from other myctophids with elliptical eyes
by

® Head small, body slender

® Gut short

® Wide space between anus and anal fin

e Larvae relatively lightly pigmented

e Eyes moderately narrow

® No enlarged fins

Distinguished from P. thompsoni by

® Lack of postanal ventral melanophores in preflexion
larvae and presence of only one spot over the gut in
larger larvae
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California flashlightfish MYCTOPHIDAE

4.9 mm NL

---------------------

7.6 mm NL

_\_‘_//

Large melanophore on anterior of gut

12.4 mm SL

Short ventral series

15.6 mm SL

Figures A—E, Moser and Ahlstrom 1970.
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MYCTOPHIDAE Protomyctophum thompsoni (Chapman 1944)
MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 37-38-39 EGGS
Precaudal: X-X-X Diameter
Caudal: X-X-X No. of oil globules
Branchiostegal rays  8-X-12 Oil globule diameter
Caudal fin 79, 10+9, 6-8 Yolk
Pelvic fin Abdominal Envelope
R: 8-8-8 Hatch size
Dorsal fin R: 11-12-13 Incubation time/temp.
Pectoral fin R: 14-15-17 Pigment
Anal fin R: 21-23-25
Gill rakers U: 3-4-4 L: 13-14-16 Diagnostic characters

LIFE HISTORY

Range Cent. California, 34-38°N?2 to
Bering Sea, 54-66°N
Ecology Epi- and mesopelagic

ELH pattern Oviparous, eggs probably

pelagic, pelagic larvae

Spawning Season:
Area:
Mode:
Migration:
Fecundity Range/function:
Age at first maturity
Longevity

#R.N. Lea, Calif. Dep. Fish Game, 2201 Garden Road, Monterey, CA 93940,
pers. commun., 19 Feb. 1987.

Ref: Moser and Ahlstrom 1970.

152

LARVAE
Preanal length <50% SL
Length at flexion 7-10.0 mm SL

Length at transformation 14-17 mm SL
Sequence of fin Caudal, pectorals, anal,
development dorsal, pelvics
Pigment
® Postanal ventral melanophores >10 in preflexion
larvae decreasing to <10 in flexion larvae; not
present in postflexion larvae
¢ Dorsolateral surface of gut in postflexion larvae

Diagnostic characters
® See P. crockeri (p. 150)
® Narrow eye
® Postanal ventral melanophore pattern



Northern flashlightfish MYCTOPHIDAE

A > 10 postanal ventral
i O melanophores
\\‘
J
4.2 mm NL
< 10 postanal ventral
B melanophores

No postanal ventral
melanophores

17.7 mm SL

Figures A—E, Moser and Ahlstrom 1970.



MYCTOPHIDAE Symbolophorus californiensis (Eigenmann and Eigenmann 1889)

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 37-X-40 EGGS
Precaudal: 16-16-17 Diameter

Caudal: 22-23-23

Branchiostegal rays 8-X-12
Caudal fin 8-9, 10+9, 8-9
Pelvic fin Abdominal
R: 8-8-8
Dorsal fin R: 13-14-15
Pectoral fin R: 15-17-19
Anal fin R: 19-20-22
Gill rakers U: 6-6-7 L: 15-16-17

LIFE HISTORY

Range South of southern California to
Brit. Col., 48°30"-55°N
Ecology Epi- and mesopelagic, 0-762 m

ELH pattern Oviparous, eggs probably

pelagic, pelagic larvae

Spawning Season: Spring-summer?
Area:
Mode:
Migration:

Fecundity Range/function:

Age at first maturity

Longevity 7 yr?

Fitch and Lavenberg 1968

Ref: Moser and Ahlstrom 1970, 1974; Moser et al. 1984a.

154

No. of oil globules
0il globule diameter
Yolk

Envelope

Hatch size

Incubation time/temp.
Pigment

Diagnostic characters

LARVAE

Preanal length

Length at flexion 8.0-10.0 mm SL

Length at transformation 23.0-24.0 mm SL
Sequence of fin Pectorals, pelvics, caudal,

development anal, dorsal: pectoral fin
base large and wing-shaped
with supernumerary rays
developing first
Pigment

® Paired fins

® Lateral gut and anus

® Postanal ventral melanophores (preflexion)

® Also on snout, hindbrain, cleithral region, isthmus
(lower jaw)

Diagnostic characters

Distinguished from other myctophids with elliptical eyes
by

® Broad head

® Eyes slightly stalked with conical choroid mass
(narrow)

e Early pectoral fin development, pectorals large with
wing-shaped base

e Early pelvic fin development (unusual for
myctophids)

® Dorsal fin rays develop in finfold

e Slightly enlarged median finfold

® Pigment on paired fins



California lanternfish MYCTOPHIDAE

T 39mmNL
Short ventral series
Lateral gut and anus

- Early forming pigmented
pectoral and pelvic fins

Dorsal fin rays develop in finfold

23.6 mm SL

Figures A—E, Moser and Ahlstrom 1970.
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MYCTOPHIDAE

Loweina rara (Liitken 1892)

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 37-X-39 EGGS

Precaudal: X-X-X Diameter

Caudal: X-X-X No. of oil globules
Branchiostegal rays 9-9-9 Oil globule diameter
Caudal fin 6-7, 10+9, 6-7 Yolk
Pelvic fin Abdominal Envelope

R: X-X-X Hatch size
Dorsal fin R: X-X-X Incubation time/temp.
Pectoral fin R: 16-X-18 (larvae)? Pigment

R: 9-X-12 (adults)
Anal fin R: X-X-X Diagnostic characters
Gill rakers U: X-X-X L: X-X-X

LIFE HISTORY

RangeP South of southern California to
N. California, 38-42°N,¢ and
Oregon, 42-46°N¢

Ecology Unknown

ELH pattern Oviparous, eggs unknown,

pelagic larvae

Spawning Season:
Area:
Mode:
Migration:
Fecundity Range/function:
Age at first maturity
Longevity

#Larvae have six more pectoral fin rays than adults.
®Range for larvae; adults widespread.

“Moser and Ahlstrom 1970

dRichardson and Pearcy 1977

Ref: Moser and Ahlstrom 1970.
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LARVAE

Preanal length 55% SL increasing with
development to 80% SL

8.0-11.0 mm SL

>20.0 mm SL

Pectorals, caudal, anal and

dorsal, pelvics

Length at flexion
Length at transformation
Sequence of fin
development
Pigment
® Preflexion and flexion larvae
—Dark band of pigment between olfactory and optic
lobes of the brain
—Blotch develops medially to each pectoral fin base
—Two blotches on dorsal surface of gut merging
into one with development
—Three postanal body blotches
—Median finfold, lower pectoral ray
—Dorsal and ventral margins of caudal peduncle

Diagnostic characters

® Among largest myctophid larvae at transformation
(>20.0 mm SL)

e Morphology: Early larvae slender but relative body
depth doubles in later stages

® Only Br2 develops during larval period

Distinguished from all other myctophids except Tarleton-
beania crenularis by

¢ Enlarged median finfolds

Distinguished from 7. crenularis (p. 158) by

® Eye moderately narrow, no choroid tissue on ventral
surface of eye

® Pigment: Band on head between eyes



MYCTOPHIDAE

/\/__‘,/\w/_\\_/__‘,_,— /M\‘
73 —— LT
% ' =

X L

Pigment band on
B head between eyes ’

6.8 mm NL

Three postanal blotches

20.0 mm SL

Figures A—E (B, dorsal view), Moser and Ahlstrom 1970.
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MYCTOPHIDAE

Tarletonbeania crenularis (Jordan and Gilbert 1880)

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 39-41-42 EGGS
Precaudal: 17-17-19 Diameter

Branchiostegal rays
Caudal fin
Pelvic fin

Dorsal fin
Pectoral fin
Anal fin
Gill rakers

LIFE HISTORY

Caudal: 22-23-24
8-9-11

5-7, 1049, 5-7
Abdominal

. 7-8-9

: 11-12-14

: 11-13-15

: 17-18-20

1 4-5-6

cAAAIA

L: 10-11-12

Range

Ecology
ELH pattern

Spawning

Fecundity
Age at first maturity
Longevity

2 Ahlstrom 1965
®Wang 1981

South of southern California to
Bering Sea, 54-66°N

Epi- and mesopelagic, 0-832 m

Oviparous, eggs probably
pelagic, pelagic larvae

Season: Winter-spring;?
Nov-Feb?

Area:

Mode:

Migration:

Range/function:

Ref: Moser and Ahlstrom 1970, 1974; Moser et al. 1984a.
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No. of oil globules
Oil globule diameter
Yolk

Envelope

Hatch size

Incubation time/temp.
Pigment

Diagnostic characters

LARVAE

Preanal length 50% SL at hatching,
70% SL at 13-14 mm SL,
250% SL at trans-
formation
Length at flexion 7.5-10.5 mm SL
Length at transformation ~19-21 mm SL
Sequence of fin Caudal, pectorals, anal,
development dorsal, pelvics
Pigment
e Preflexion: Postanal band located at posteriormost
4-5 myomeres, on anus, and over gut
e Flexion: Head, finfold, 1-2 postanal melanophores
¢ Postflexion: Dorsal midline anterior to fin

Diagnostic characters

Distinguished from Loweina rara (p. 156) by

e See L. rara

Distinguished from all other myctophids except L. rara by

¢ Finfold: Dorsal and ventral finfolds greatly enlarged
and conspicuously pigmented (more on dorsal)

® Eyes narrow with lunate choroid mass

® Only Br2 develops during larval period

e Enlarged ventral pectoral fin ray (lost during
transformation)

® Postanal pigment band

Note: T. taylori adults occur in the area but their larvae are
inadequately known. Pertseva-Ostroumova (1964) illustrated
a 12-mm SL larva as T. crenularis taylori, but it has no
features that distinguish it from 7. crenularis.



Blue lanternfish MYCTOPHIDAE

Postanal band

——

T
3.7 mm NL

anus

Ventral pectoral
ray elongate

Enlarged
o T—<—p~—_____finfolds

-

Melanophore

Dorsal and ventral
melanophores

romem e

18.9 mm SL

Lunate
choroid
tissue

under eyes Dorsal midline pigment

anterior to fin

Figures A—E, Moser and Ahlstrom 1970. ™S



MYCTOPHIDAE Ceratoscopelus townsendi (Eigenmann and Eigenmann 1889)

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae® Total: 35-36-38 EGGS

Precaudal: X-X-X Diameter

Caudal: X-X-X No. of oil globules
Branchiostegal rays 8-X-12 Oil globule diameter
Caudal fin 6, 10+9, 6-7 Yolk
Pelvic fin Abdominal Envelope

R: 8-X-9 Hatch size
Dorsal fin R: 13-14-15 Incubation time/temp.
Pectoral fin R: 12-X-14 Pigment
Anal fin? R: 13-X-14
Gill rakers? U: 4-4-5 L: 10-11-12 Diagnostic characters

LIFE HISTORY

Range South of southern California to
Brit. Col., 48°30°-55°N
Ecology Epi- and mesopelagic

ELH pattern Oviparous, eggs probably

pelagic, pelagic larvae

Spawning Season:
Area:
Mode:
Migration:
Fecundity Range/function:
Age at first maturity
Longevity

*Peden and Hughes (1986) report counts for the following meristic characters:
Precaudal vertebrae 16
Caudal vertebrae 20
Anal fin rays 15
Gill rakers 6—-7+1+15
YH.G. Moser, NMFS Southwest Fish. Cent., P.O. Box 271, La Jolla, CA 92038,
pers. commun., 9 Jan. 1984. Illustrations of small larvae are unavailable. A figure
of a preflexion larva of C. warmingi is included for comparison.

Ref: Moser and Ahlstrom 1974, Moser et al. 1984a.
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LARVAE

Preanal length 46% SL, with development
58-61% SL

Length at flexion 6.2-7.0 mm SL

Length at transformation 16.6-21.0 mm SL (may be
larger)

Caudal, pectorals, anal,
dorsal, pelvics

Sequence of fin
development
Pigment
® Generally light pigment
® Pair of melanophores at each side of gut at point of
divergence of the free terminal section (retained
throughout but becoming embedded with
development)
e Series ("v11) of postanal ventral melanophores in
early larvae, with development usually coalescing to
a single spot in postflexion larvae

Diagnostic characters

e Photophores: Br2 (7.0 mm SL); Vn (7.8 mm SL);
PLO (8.7 mm SL; develop and remain at pectoral
fin base throughout larval period but at transforma-
tion they migrate dorsally to just below the lateral
line); POS5 (9.0 mm SL); during transformation the
remaining photophores develop sequentially

Distinguished from other myctophids with round eyes by

¢ Eye elliptical in preflexion larvae (although not
perfectly round, the eye is easily differentiated from
the narrow eyes of larval Myctophinae)

e Single spot at anus

® Preflexion larvae with ~11 postanal ventral
melanophores



Dogtooth lampfish MYCTOPHIDAE

Postanal ventral
melanophores

5.2mm SL

(Ceratoscopelus warmingi)

16.6 mm SL

==

Single spot at
) posterior end of
Anal spot anal fin base
embedded

Figure A, Miller et al. 1979 (Hawaiian specimen); B, Moser and Ahlstrom 1974.
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MYCTOPHIDAE

Lampadena urophaos Paxton 1963

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae? Total: 35-36-36 EGGS

Precaudal: X-X-X Diameter

Caudal: X-X-X No. of oil globules
Branchiostegal rays 9-X-10 Oil globule diameter
Caudal fin 8-9, 10+9, 89 Yolk
Pelvic fin Abdominal Envelope

R: 8-8-8 Hatch size
Dorsal fin R: 14-15-16 Incubation time/temp.
Pectoral fin R: 15-16-17 Pigment
Anal fin R: 13-13-14
Gill rakers? U: 3-4-5 L: 9-X-11 Diagnostic characters

LIFE HISTORY

Range South of southern California to
Washington, 46-48°30'N
Ecology Epi- and mesopelagic

ELH pattern Oviparous, eggs probably

pelagic, pelagic larvae

Spawning Season:
Area:
Mode:
Migration:
Fecundity Range/function:
Age at first maturity
Longevity

#Peden and Hughes (1986) report counts of the following meristic characters:
Total vertebrae 38
Precaudal vertebrae 17
Caudal vertebrae 21
Gill rakers S+1+12
"Discussion of pigment is based on genus, since illustrations of small larvae of
L. urophaos are not available. Figures of a preflexion larva of L. luminosa are
included for comparison.

Ref: Moser and Ahlstrom 1972; Moser et al. 1984a; H.G. Moser, NMFS Southwest
Fish. Cent., P.O. Box 271, La Jolla, CA 92038, unpubl.
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LARVAE
Preanal length 50% SL
Length at flexion By 5-6 mm SL

Length at transformation 19.6 mm SL
Sequence of fin Caudal, pectorals, anal,
development dorsal, pelvics
Pigment - Genus®
(Pigment for L. urophaos more restricted to dorsal and
ventral midline)
® Brain, nape, gut, swimbladder
® Double row of large melanophores along dorsal
midline with an opposing double row of postanal
ventral midline melanophores
® Some with more numerous dorsal and ventral
melanophores and internal pigment above the
notochord

Diagnostic characters
® Photophores: Br2, PLO, POS5, and Vn+PO1
develop during larval period
Distinguished from other myctophids with round eyes by
® Dorsal midline pigment anterior to anus



Sunbeam lampfish MYCTOPHIDAE

Dorsal midline pigment 4.8 mm SL
anterior to anus

(Lampadena luminosa)

4.8 mm SL

(Lampadena luminosa)

Large spot at dorsal fin origin

4 . 13.4 mm SL
~4 pairs opposing spots

along dorsal and ventral
midline

19.6 mm SL

Figures A—B (A, dorsal view), Miller et al. 1979 (Hawaiian specimens); C—D, Moser and Ahlstrom 1972.
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Lampanyctus spp.

MYCTOPHIDAE

Of the four Lampanyctus species found in the study area, we can identify larvae of only L. regalis and L. ritteri. Generic

characters include:

® Pigment above brain

e Myoseptal trunk pigment increasing during postflexion to cover most of anterior trunk at transformation

e Slender body; deepens and becomes robust in some species

® Deep head

® Gut short in early preflexion larvae; with development lengthens to midbody

The following meristic information may aid in identifying the four Lampanyctus species.

Fins
Species Distribution Vertebrae Dorsal Anal Pectoral Pelvic
Lampanyctus fernae N. Calif. - Oregon 36-38 12-14 16-18 12-14 8
Lampanyctus jordani S. Calif. - Bering Sea 38-40 10-12 17-20 14-17 8
Lampanyctus regalis SSC - Bering Sea 36-39 14-16 17-19 12-14 8
Lampanyctus ritteri SSC - Bering Sea 35-38 12-15 16-19 10-13 8-9
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MYCTOPHIDAE

Lampanyctus regalis (Gilbert 1892)

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 36-X-39 EGGS

Precaudal: X-X-X Diameter

Caudal: X-X-X No. of oil globules
Branchiostegal rays  9-9-9 Oil globule diameter
Caudal fin 6-8, 10+9, 6-8 Yolk
Pelvic fin Abdominal Envelope

R: 8-8-8 Hatch size
Dorsal fin R: 14-15-16 Incubation time/temp.
Pectoral fin R: 12-13-14 Pigment
Anal fin R: 17-17-19
Gill rakers U: 4-4-4 L: 9-10-10

LIFE HISTORY

Range South of southern California to
Bering Sea, 54-66°N
Ecology Epi- and mesopelagic

ELH pattern Oviparous, eggs probably

pelagic, pelagic larvae

Spawning Season:
Area:
Mode:
Migration:
Fecundity Range/function:
Age at first maturity
Longevity

#H.G. Moser, NMFS Southwest Fish. Cent., P.O. Box 271, La Jolla, CA 92038,
pers. commun., 9 Jan. 1984.

Ref: Moser et al. 1984a; Moser, unpubl.
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Diagnostic characters

LARVAE®

Preanal length 38% SL preflexion, 54% SL
at flexion, 67% SL
postflexion

Length at flexion >4 mm SL, <7 mm SL

Length at transformation >10 mm SL, <28 mm SL

Sequence of fin Caudal, pectorals, anal,
development dorsal, pelvics (pelvics

may form early)
Pigment
® Preflexion larvae are unpigmented except for spots
on lower jaw tip and snout

e Head: Jaw tips, internal along snout, postorbital,
opercle

® Pectoral and pelvic fins

® Large spot at adipose fin

Diagnostic characters

® Photophores: Only Br2 develops during larval period
(7.8 mm SL); remaining photophores develop syn-
chronously at end of transformation period

Distinguished from other myctophids with round eyes by

¢ Morphology: Initially slender with a small head;
with development a deep broad head and body with
elongate snout develops; pectorals moderately large

® Jaws large with teeth

® Pigment: Large spot at adipose fin



Pinpoint lampfish MYCTOPHIDAE

A Body slender and head small

Several spots
on head

Postorbital
//”// Large spot at

B spot - //%// 7

% adipose fin
Internal pigment 7

along snout

9.1 mm SL

Well developed teeth
especially upper jaw

Figure A, NWAFC original (B. Vinter); B, Moser and Ahlstrom 1974.
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MYCTOPHIDAE

Lampanyctus ritteri Gilbert 1915

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 35-36-38 EGGS

Precaudal: X-X-X Diameter

Caudal: X-X-X No. of oil globules
Branchiostegal rays  9-9-9 Oil globule diameter
Caudal fin 7-8, 10+9, 7-8 Yolk
Pelvic fin Abdominal Envelope

R: 8-X-9 Hatch size
Dorsal fin R: 12-13-15 Incubation time/temp.
Pectoral fin R: 10-11-13 Pigment
Anal fin R: 16-18-19
Gill rakers U: 4-4-4 L: 9-10-11

LIFE HISTORY

Range South of southern California to
Bering Sea, 54-66°N
Ecology Epi-, meso-, and bathypelagic,

20-1098 m
Oviparous, eggs probably
pelagic, pelagic larvae

ELH pattern

Spawning Season:
Area:
Mode:
Migration:
Fecundity Range/function:
Age at first maturity
Longevity

2H.G. Moser, NMFS Southwest Fish. Cent., P.O. Box 271, La Jolla, CA 92038,
pers. commun., 9 Jan. 1984.

Ref: Ahlstrom 1965; Moser and Ahlstrom 1974; Moser, unpubl.
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Diagnostic characters

LARVAE?®

Preanal length <50% SL in preflexion,
with development 50% SL

>4 mm SL, ~6 mm SL

>10 mm SL

Caudal, pectorals, anal,

dorsal, pelvics

Length at flexion
Length at transformation
Sequence of fin
development
Pigment
e Head: Snout, lower jaw, opercle; several spots
anterodorsal to eye persist throughout development
® Dorsal and ventral midline on tail
® Anteroventral to liver

Diagnostic characters

® See L. regalis (p. 166)

® Photophores: Only Br2 develops during larval
period; remaining photophores develop synchronous-
ly at end of transformation period

Distinguished from other myctophids with round eyes by

e See L. regalis

Distinguished from L. regalis by

® Morphology: Body and head moderately deep; jaws,
teeth, and pectorals moderate in size



Broadfin lampfish MYCTOPHIDAE

Head, snout, jaws, and
teeth moderate in size

10.1 mm SL

Figure A, Moser and Ahlstrom 1974.
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MYCTOPHIDAE

Parvilux ingens Hubbs and Wisner 1964

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 36-37-38 EGGS
Precaudal: X-X-X Diameter

Branchiostegal rays
Caudal fin
Pelvic fin

Dorsal fin
Pectoral fin
Anal fin
Gill rakers

LIFE HISTORY

Caudal: X-X-X

8-X-12

8, 10+9, 8

Abdominal

: 8-8-8

1 14-X-17

: 10-X-13

. 15-X-18

1 4-5-6 L: 12-13-15

CRRIARP

Range

Ecology
ELH pattern

Spawning

Fecundity
Age at first maturity
Longevity

Ref: Moser and Ahlstrom 1974; Moser et al. 1984a; H.G. Moser, NMFS Southwest

South of southern California to
Oregon, 42-46°N

Epi- and mesopelagic

Oviparous, eggs probably
pelagic, pelagic larvae

Season:

Area:

Mode:

Migration:

Range/function:

Fish. Cent., P.O. Box 271, La Jolla, CA 92038, unpubl.
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No. of oil globules
Oil globule diameter
Yolk

Envelope

Hatch size

Incubation time/temp.
Pigment

Diagnostic characters

LARVAE

Preanal length <50% SL, with development
increasing to 50% SL

Length at flexion

Length at transformation

Sequence of fin Caudal, pectorals, anal,
development dorsal, pelvics
Pigment

® Early preflexion larvae probably unpigmented with
pigment developing by flexion stage

¢ Postflexion larvae have pigment above brain, in-
ternally above otic region, lateral to cleithrum, and
in anteroventral region of liver

® Postanal body with 1-2 dorsal midline melanophores
and 1 ventral midline melanophore at caudal
peduncle

Diagnostic characters
® Photophores: Only Br2 forms during the larval
period
Distinguished from other myctophids with round eyes by
¢ Dorsal midline melanophores restricted to 1-2 spots
posterior to adipose fin
e Head and eyes large with the body tapered



Giant lampfish MYCTOPHIDAE

A

1—2 dorsal midline

Spots on brain melanophores

One ventral midline
melanophore mm SL

Figure A, Moser and Ahlstrom 1974.
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MYCTOPHIDAE Stenobrachius leucopsarus (Eigenmann and Eigenmann 1890)

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 36-37-38 EGGS
Precaudal: 14-15-16 Diameter

Caudal: 20-21-22

Branchiostegal rays 8-X-12
Caudal fin 6-8, 10+9, 7-8
Pelvic fin Abdominal
R: 8-8-8
Dorsal fin R: 12-X-14
Pectoral fin R: 9-X-11
Anal fin R: 14-15-16
Gill rakers U: 5-5-6 L: 12-13-14

LIFE HISTORY

Range South of southern California to
Bering Sea, 54-66°N

Ecology Epi-, meso-, and bathypelagic,

0-2896 m

Oviparous, eggs probably
pelagic, pelagic larvae

Season: Winter-spring (Oregon);?
Nov-Aug (Calif.);® Dec-Feb
(Moss Landing, Calif.)®

Area:

Mode:

Migration:

Range/function:

3 yr (California)®

4 yr (Oregon)?

3-4 yrb

ELH pattern

Spawning

Fecundity
Age at first maturity

Longevity

#Smoker and Pearcy 1970
PFast 1960
‘Wang 1981

Ref: Ahlstrom 1965, 1972; Moser and Ahlstrom 1974.
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No. of oil globules
Oil globule diameter
Yolk

Envelope

Hatch size

Incubation time/temp.
Pigment

Diagnostic characters

LARVAE

Preanal length <50% SL
Length at flexion >5.3 mm SL, ~6-7 mm SL
Length at transformation >12.5 mm SL;
10-19 mm SLb
Caudal, pectorals, anal,
dorsal, pelvics

Sequence of fin
development
Pigment
e Gut melanophores: Early preflexion, lateral spots at
pectoral fin base, midgut, and anus
e Series of postanal ventral melanophores (>15) in
preflexion larvae which coalesce to 2 or 3 spots in
postflexion larvae
¢ Postflexion: Above brain, nape, and embedded in
trunk myosepta on each side of dorsal midline (not
shown)

Diagnostic characters

e Photophores: Only Br2 forms in the larval period

Distinguished from other myctophids with round eyes by

® Gut pigment: Three spots in preflexion larvae (pec-
toral fin base, midgut, and anus); with development
spots are retained, although their position shifts
posteriorly

e Series of postanal ventral melanophores (>15) in
preflexion larvae

Distinguished from Diaphus theta (p. 176) by

® Lack of pigment at caudal base

® Number of postanal ventral melanophores (>15):
Preflexion larvae usually have >20; postanal ventral
midline melanophores appear more embedded in
D. theta (see figure)

S. nannochir larvae are unknown. The following meristic
information may aid in identification.

Total vertebrae 36-38
Dorsal fin rays 13-14
Anal fin rays 14-16
Pectoral fin rays 9-10
Pelvic fin rays 8



Northern lanternfish MYCTOPHIDAE

4.9 mm SL

Gut melanophores Postanal ventral melanophores
(usually > 15)

18.0 mm SL

Figures A—B, D, NWAFC originals (B. Vinter); C, Moser and Ahlstrom 1974.
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MYCTOPHIDAE

Taaningichthys bathyphilus (T&ning 1928)

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 34-X-36 EGGS

Precaudal: X-X-X Diameter

Caudal: X-X-X No. of oil globules
Branchiostegal rays  8-X-12 Oil globule diameter
Caudal fin X, 10+9, X Yolk
Pelvic fin Abdominal Envelope

R: 8-8-8 Hatch size
Dorsal fin R: 11-X-14 Incubation time/temp.
Pectoral fin R: 12-X-14 Pigment
Anal fin R: 12-13-14
Gill rakers U: 3-3-3 L: 6-X-10

LIFE HISTORY

Range Cent. California, 34-38°N,? to
Oregon, 42-46°N
Ecology Meso- and bathypelagic

ELH pattern Oviparous, eggs probably

pelagic, pelagic larvae

Spawning Season:
Area:
Mode:
Migration:
Fecundity Range/function:
Age at first maturity
Longevity
?Wisner 1974

®Information on 7. minimus larvae is provided for comparison since T. bathyphilus
larvae are unknown.

Ref: Moser et al. 1984a; H.G. Moser, NMFS Southwest Fish. Cent., P.O. Box 271,
La Jolla, CA 92038, unpubl.

174

Diagnostic characters

LARVAE

Preanal length
Length at flexion
Length at transformation
Sequence of fin
development
Pigment - Genus®
® Above brain, otic region
® One to several opposing melanophores at postanal
dorsal and ventral midline
e Late postflexion larvae may develop melanophores
along each side of dorsal midline
® Base of caudal rays
® Series of embedded melanophores above spinal
column

Caudal, pectorals, anal,
dorsal, pelvics

Diagnostic characters - Genus

® No photophores in larvae

Distinguished from other myctophids with round eyes by

® Morphology: Body slender, lower jaw projects
beyond upper jaw

® Embedded melanophores above spinal column

® Opposing dorsal and ventral melanophores on caudal
peduncle



MYCTOPHIDAE

Taaningichthys minimus

Internal spots alon
A notochorg B One to several

opposing spots

7.3 mm SL

14.4 mm SL

Figure A—B, Moser and Ahlstrom 1972 (southwestern Pacific specimens).
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MYCTOPHIDAE

Diaphus theta Eigenmann and Eigenmann 1890

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 34-35-36 EGGS
Precaudal: 15-16-16 Diameter

Caudal: 18-19-20

Branchiostegal rays 9-9-9
Caudal fin 6-8, 10+9, 6-8
Pelvic fin Abdominal
R: 7-X-8
Dorsal fin R: 11-13-15
Pectoral fin R: 10-X-12
Anal fin R: 12-X-14
Gill rakers U: 5-X-7 L: 12-15-16
LIFE HISTORY
Range South of southern California to
Bering Sea, 54-66°N
Ecology Epi- and mesopelagic, 0-792 m

ELH pattern Oviparous, eggs probably

pelagic, pelagic larvae

Spawning Season:
Area:
Mode:
Migration:
Fecundity Range/function:
Age at first maturity
Longevity

#Sequence of formation of photophores: Br2, PO5, PO1 [VOI, PO2, OP2, VOS,
PO3, PO4, VLO] (photophores in brackets appear in late larval period).

Ref: Moser and Ahlstrom 1974.
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No. of oil globules
Oil globule diameter
Yolk

Envelope

Hatch size

Incubation time/temp.
Pigment

Diagnostic characters

LARVAE

Preanal length
Length at flexion
Length at transformation
Sequence of fin
development
Pigment
e Head unpigmented
® Anteroventral surface of liver, midgut, base of
caudal fin rays, swimbladder
® Postanal ventral melanophores in preflexion:
Numerous (<15)

<6.9 mm SL

Caudal, pectorals, anal,
dorsal, pelvics

Diagnostic characters
® Number of photophores in larvae?
Distinguished from other myctophids with round eyes by
® Body moderately slender
® Head moderate in size, unpigmented
® Postanal ventral melanophores (<15)
® Melanophores at base of caudal fin rays
Distinguished from Stenobrachius leucopsarus (p. 172) by
® See S. leucopsarus



California headlightfish MYCTOPHIDAE

Usually a spot at
caudal fin base

Postanal ventral melanophores
appear embedded (usually < 15) 4.6 mm SL

6.3 mm SL

Pigment at base
of hypural

6.9 mm SL
Postanal ventral
melanophores

16.0 mm SL

Figures A—B, D, NWAFC originals (B. Vinter); C, Moser and Ahlstrom 1974.
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MYCTOPHIDAE

Notoscopelus resplendens® (Richardson 1844)

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 35-37-38 EGGS - Genus
Precaudal: X-X-X Diameter 0.26 mm
Caudal: X-X-X No. of oil globules
Branchiostegal rays  9-9-9 Oil globule diameter
Caudal fin 11-14, 1049, 10-14 Yolk
Pelvic fin Abdominal Envelope
R: 8-X-9 Hatch size
Dorsal fin R: 21-22-23 Incubation time/temp.
Pectoral fin R: 11-12-13 Pigment
Anal fin R: 18-19-20
Gill rakers U: 6-6-7 L: 13-14-15

LIFE HISTORY

Range South of southern California to
Brit. Col., 48°30°-55°N
Ecology Epi- and mesopelagic

ELH pattern Oviparous, pelagic eggs,

pelagic larvae

Spawning Season:
Area:
Mode:
Migration:
Fecundity Range/function:
Age at first maturity
Longevity

# According to Peden and Hughes (1986) northern records of N. resplendens are prob-
ably N. japonicus.

®H.G. Moser, NMFS Southwest Fish. Cent., P.O. Box 271, La Jolla, CA 92038,
pers. commun., 9 Jan. 1984.

°Both N. resplendens and N. japonicus are described and illustrated in Ozawa (1986d).
Specimens from the eastern Atlantic are figured here, but, according to Ozawa
(1986d), they may differ in pigmentation and in photophore development from
specimens found in the Pacific.

Ref: Badcock and Merrett 1976; Moser and Ahlstrom 1972; Ozawa 1986d; Moser,
unpubl.
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Diagnostic characters

LARVAE®®
Preanal length <50% SL preflexion, with
development 50% SL

Length at flexion
Length at transformation
Sequence of fin
development
Pigment
® Preflexion: Jaw tips, above brain and swimbladder,
lateral cleithral
¢ Postflexion: Lower jaw, hindbrain, nape, double
row of melanophores along dorsal midline beginning
at midbody, series along anal fin base, caudal fin
base, pelvic and anal fin, internal notochord pigment
on trunk

Caudal, pectorals, anal,
dorsal, pelvics

Diagnostic characters

® Photophores: Br2, POS5, Vn, and PLO develop dur-
ing larval period

Distinguished from other myctophids with round eyes by

® Morphology: Body moderately deep, head and eyes
large

e Midlateral and dorsal fin base pigment in postflexion
larvae

® Highest dorsal fin ray count among myctophids in
study area (21-23)

e Head pigment: Jaw tips, snout, opercle and brain



Patchwork lampfish MYCTOPHIDAE

T 5.4 mm

21-23 dorsal
fin rays

Series of large spots along
_dorsal and ventral midline

11.2 mm SL

Figures A—C, Badcock and Merrett 1976 (eastern Atlantic specimens); D, Ahlstrom and Moser 1974.
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Gadiformes

Gadiform fishes include some of the most commercially important coldwater marine species in the world: the codfishes and
their relatives. The order contains between 7 and 13 families, depending on the source, and well over 400 species. Fishes
of this order are found worldwide and are generally bathypelagic (except for one freshwater species). Most species are elongate
with some having long dorsal and/or anal fins. Pelvic fins are thoracic or jugular, and chin barbels are present in many.
Although they are easily recognized and well studied, evolutionary relationships are poorly understood and most recent authors
now propose a multiple origin for at least the Gadidae (Markle 1989). The early-life-history stages are well known, especially
for the gadids and merlucciids, and have been studied for well over 100 years (Fahay and Markle 1984). Most eggs are
pelagic, spherical, and have a single oil globule (lacking in some gadids). Larvae are commonly identified by their distinctive
pigment patterns, coiled gut, and general tadpole shape. Morids, melanonids, and macrourids are less well known.

Families in study area: Moridae
Melanonidae
Merlucciidae
Gadidae
Macrouridae
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MORIDAE

Morids are benthopelagic fishes distributed throughout the world’s oceans and are represented by two species in two genera
in the study area. Very little is known of the early life history of the codlings. For the few species described, eggs are
0.52-1.16 mm in diameter, have one oil globule, and a smooth chorion (Fahay and Markle 1984). The scarcity of small
fish in bottom trawls indicates the very young, and perhaps eggs, are pelagic (Iwamoto 1975). Most morids have precocious
pelvic fin ray development. Usually the pelvic fin rays are elongate and probably undergo some ontogenetic reduction. Figures
of larvae of Physiculus nematopus and Laemonema sp. are provided for comparison, since larvae of species in our area are
unknown.

Table 21
Meristic characters of family Moridae.
Vertebrae Fins
Gill rakers
Precaudal Caudal  First  Second Caudal

Taxon Distribution (Total) Dorsal Dorsal Anal Pectoral Pelvic (Total) Upper Lower Branchiostegals
Antimora* 24-25 33-35 4-7 48-56  36-49 17-25 5-7

(57-61)
Antimora microlepis  SSC - Bering Sea 24-25 33 4-5 50-55 3742 20 6-7 14,5+4,12 5 15 7
Laemonema* 15-17 42-45 5-6 48-75  45-72 15-26 1-3

(50-63) (usually 2)
Laemonema longipes  Bering Sea (51) 6 50-52  45-50 15-17 2-3 (22-25) 5-7 19-20 6
*Data are from Fahay and Markle (1984).
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Codlings MORIDAE

Small caudal fin
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Figure A, Fahay and Markle 1984; B, Fahay 1983 (North Atlantic specimen; identification is tentative).
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MELANONIDAE

Melanonus zugmayeri Norman 1930

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 58-X-62 EGGS
Precaudal: 13-13-13 Diameter

Branchiostegal rays
Caudal fin
Pelvic fin

Dorsal fin
Pectoral fin
Anal fin
Gill rakers

Caudal: 47-47-47

7-7-7

23-25, 6+3, 22-25
Thoracic

R: 5-X-7

R: 67-X-802

R: 12-X-16

R: 52-X-612

U: 3-X-4 L: 6-X-11

LIFE HISTORY
Range South of southern California to
Brit. Col., 48°30'-55°N
Ecology Mesopelagic, 200-1000 m
ELH pattern Parity and eggs unknown,
pelagic larvae
Spawning Season:
Area:
Mode:
Migration:
Fecundity Range/function:

Age at first maturity
Longevity

“D. Markle, Dep. Fish. Wildl., Oregon State Univ., Corvallis, OR 97331-3803,

pers. commun., 8 May 1986.

"Specimens <17 mm SL have not been identified.

Ref: Fahay and Markle 1984.
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No. of oil globules
Oil globule diameter
Yolk

Envelope

Hatch size

Incubation time/temp.
Pigment

Diagnostic characters

LARVAEP

Preanal length

Length at flexion

Length at transformation

Sequence of fin
development

Pigment

Diagnostic characters
e Large number of secondary caudal fin rays (23-25
upper and 22-25 lower)



Arrowtail MELANONIDAE

17.0 mm SL

S N
R ESSSS Pt S

(Melanonus sp.) 30.6 mm SL

Figure A, NWAFC original (B. Vinter, Atlantic specimen); B, Fahay and Markle 1984 (South Atlantic specimen).
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MERLUCCIIDAE

Merluccius productus (Ayres 1855)

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 52-53-55 EGGS
Precaudal: 23-24-25 Diameter 1.07-1.18 mm (1.12 mm)
Caudal: 29-29-30 No. of oil globules One
Branchiostegal rays  7-7-7 Oil globule diameter 0.27-0.34 mm
Caudal fin 16-18, 6+2-3, 14-17 Yolk May appear granular
Pelvic fin Thoracic Envelope Clear, smooth
R: 6-X-8 Hatch size 2.4 mm NL
Dorsal fin Ist: 10-11-13 2nd: 37-40-44 Incubation time/temp. 3.1 d/16.6°C
Pectoral fin R: 14-16-16 Pigment
Anal fin R: 37-40-44 ¢ On yolk
Gill rakers U: 4-X-5 L: 13-16-18 ® Characteristic late-stage patches on embryo

LIFE HISTORY

Range South of southern California to
Bering Sea, 54-66°N
Ecology Epi- and mesopelagic, 0-914 m
ELH pattern Oviparous, pelagic eggs,
pelagic larvae
Spawning Season: Jan-June?
Area: Offshore pelagic;®
130-500 m*®

Mode: Schools4

Migration: South and offshore to
spawn (southern subpopula-
tion); within Puget Sound and
Straits of Georgia (northern

subpopulation)®
Fecundity Range/function: 3419¢-496,000f
Age at first maturity 2 yrd-4 yre
Longevity 17 yrh

#Hart 1973

®The main offshore population spawns offshore off southern California (Francis and
Bailey 1983). Disjunct populations in the Puget Sound-Straits of Georgia area spawn
in restricted areas within these regions.

©Bailey et al. 1982

Kimura and Milliken 1977

€MacGregor 1971

fMacGregor 1966

EBest 1963

"Beamish 1979

Ref: Ahlstrom and Counts 1955, Fahay and Markle 1984.
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Diagnostic characters
® Pigment pattern
® Presence of oil globule
® Eye forms early during embryonic development

LARVAE

Preanal length <50% SL

Length at flexion ~10 mm SL

Length at transformation ~30-35 mm SL

Sequence of fin Caudal, pelvics, 1st dorsal,

development 2nd dorsal and anal,

pectorals

Pigment

® Preflexion larvae: One postanal bar, one large
dendritic spot several myomeres posterior to anus;
with development, bar becomes diffuse, postanal
body pigment increases, especially dorsolaterally

® On head, crown, and snout; increasing with
development

® Dorsolaterally on gut

Diagnostic characters
® Gadoid shape but absence of >1 distinct postanal
pigment bar
® Two dorsal fins and one anal fin
e Specimens from Puget Sound and Straits of Georgia
have pigmented pectoral rays



Pacific hake MERLUCCIIDAE

4.3 mm NL

Postanal pigment bar

1.07-1.18 mm

10.1 mm NL

f Bar becomes diffuse
/ with development
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Figures A—F, Ahlstrom and Counts 1955.
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Codfishes GADIDAE

The family Gadidae is represented in the Northeast Pacific Ocean and Bering Sea by five species: Walleye pollock, Theragra
chalcogramma;, Pacific cod, Gadus macrocephalus; Pacific tomcod, Microgadus proximus; saffron cod, Eleginus gracilis;
and Arctic cod, Boreogadus saida. Identification of gadid larvae prior to 1980 was not possible. Gadid larvae collected dur-
ing ichthyoplankton studies were routinely reported as ‘‘Gadidae.’’ Recent taxonomic studies have continued since 1980 and
have allowed the specific identification of all five species in the area (e.g., Matarese et al. 1981 and Dunn and Vinter 1984).
Identification is based primarily on differences in pigmentation patterns and meristic characters. The available knowledge

of the general early life histories of these five species was recently reviewed by Dunn and Matarese (1987).

Table 22
Characters useful in separating larvae of Eleginus gracilis, Boreogadus saida, Gadus macrocephalus, Theragra chalcogramma, and Microgadus
proximus at specific size ranges (Dunn and Vinter 1984, in part).
Size range
Character (mm SL) E. gracilis B. saida G. macrocephalus T. chalcogramma M. proximus
Pigment
Preanal region
Ventral gut 4.4-13.5 Double row of small Absent in larvae Large melanophores Relatively few scat- Large melanophores
melanophores <10mm; spots pres- medially tered spots, more present, more
ent anterior to pec- anterior than anterior than
toral fins in larvae posterior posterior
>10 mm
Line of lateral pigment 10-18 Begins anterior to Begins under second Begins anterior to Begins under second Begins just anterior
anus dorsal fin anus dorsal fin to anus
Postanal region
Length of ventral 4-6 Both longer than Both shorter than Anterior stripe Posterior stripe Anterior stripe
stripes (based on no. dorsal stripes dorsal stripes longer than dorsal longer than dorsal longer than dorsal
of melanophores) stripe (<5.3 mm) stripe stripe (<5 mm)
No. of myomeres 4-6 4-6 5-7 1-3 (reaches vent by 4-5 1-3 (reaches vent by
from vertical end of ~5.3 mm) ~n5.0 mm)
anus to anterior end
of first ventral pig-
ment stripe
Length at which dor- 4-15 ~10 mm ~7 mm ~5-6 mm ~13 mm ~13 mm
sal pigment forms a
continuous line
Length at which ven- 4-10 ~7 mm ~10 mm ~5-6 mm Never merge ~n5-6 mm
tral pigment forms a
continuous line
On ventral margin of 10-15 In double row on Pigment on midline Single row on each Pigment on midline Single row on each
body each side of midline and scattered on side of midline and a single row on side of midline
each side each side anteriorly, single
row on midline
posteriorly
Morphologic
Position of vent 15-20 Under second dorsal Under second dorsal Under second dorsal Between first and Between first and
relative to dorsal fins second dorsal and second dorsal
(ultimately under
first dorsal)
Meristic
No. of rays on >13 5 4 4 4 5
superior hypural
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GADIDAE

Boreogadus saida (Lepechin 1774)

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 53-X-58 EGGS

Precaudal: 18-X-20 Diameter 1.53-1.90 mm

Caudal: 35-X-39 No. of oil globules None
Branchiostegal rays  7-7-7 Oil globule diameter
Caudal fin 21-25, 4+2, 21-25 Yolk Homogeneous
Pelvic fin Thoracic Envelope Smooth

R: 6-6-6 Hatch size 6 mm SL
Dorsal fin Ist: 10-X-17 2nd: 11-X-18 Incubation time/temp.

3rd: 16-X-24 Pigment
Pectoral fin R: 18-X-19

Anal fin
Gill rakers

Ist: 13-X-21 2nd: 17-X-23
U: 8-X9 L: 29-X-34

LIFE HISTORY
Range Bering Sea, 54-66°N, to
Arctic, not specific
Ecology Epi- and mesopelagic, 0-731 m
ELH pattern Oviparous, pelagic eggs,
pelagic larvae
Spawning Season: Oct-Mar?
Area: Nearshore®
Mode: Schools®
Migration: Nearshore to spawn®
Fecundity Range/function: 9000-21,0002

Age at first maturity

Longevity

#Bain and Sekerak 1978
®Craig et al. 1982

3 yr (females)®
2-3 yr (males)®
7 yrb

Ref: Dunn and Matarese 1984, Dunn and Vinter 1984.
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Diagnostic characters

LARVAE

Preanal length <50% SL

Length at flexion 11-17 mm SL

Length at transformation 17-30 mm, pelagic until

30-45 mm SL

Sequence of fin Caudal, dorsals and anals,
development pectorals, pelvics

Pigment

® Presence of bars
e Shorter ventral stripes
® Mediolateral pigment

Diagnostic characters (see Table 22)

¢ Ventral pigment on midline and scattered on each
side

® Rays on superior hypural = 4

Distinguished from Theragra chalcogramma by

® Ventral pigment on midline and scattered on each
side. In T. chalcogramma, ventral pigment consists
of a row along midline and a single row on each
side.



Arctic cod GADIDAE

Ventral stripes shorter
than dorsal stripes

6.3 mm SL

10.1 mm SL

Mediolateral pigment begins
under 2nd dorsal fin

10.1 mm SL

Pigment on midline and
scattered on each side

> 10 mm SL, pigment appears
on anteroventral surface of gut

16.3 mm SL

Figures A—D (D, ventral view), Dunn and Vinter 1984; E, NWAFC original (B. Vinter).
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GADIDAE

Eleginus gracilis (Tilesius 1810)

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 57-62-64 EGGS
Precaudal: 21-X-24 Diameter 1.0-1.7 mm (1.3-1.7 mm)

Caudal: 37-X-41

Branchiostegal rays 7-7-7

Caudal fin 22-25, 5+2, 23-26

Pelvic fin Thoracic
R: 6-6-6

Dorsal fin Ist: 11-X-16 2nd: 15-X-23
3rd: 18-X-21

Pectoral fin R: 18-X-21

Anal fin Ist: 20-X-24 2nd: 19-X-22

Gill rakers U: 2-X-3 L: 17-X-20

LIFE HISTORY

Range Gulf of Alaska, 54-60°N, to
Arctic, not specific
Ecology Nearshore shelf pelagic, 2-75 m

ELH pattern Oviparous, demersal eggs,
pelagic larvae

Season: Winter?

Area: Shallow nearshore
(2-10 m)?

Mode:

Migration: To shallow water for
spawning?

Range/function: 28,900-190,700?

2 yr?

9 yr?

Spawning

Fecundity
Age at first maturity
Longevity

#Wolotira 1985

Ref: Dunn and Matarese 1984, Dunn and Vinter 1984.
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No. of oil globules None

Qil globule diameter

Yolk Homogeneous, dense
Envelope Smooth, thick
Hatch size 3.5 mm SL
Incubation time/temp.

Pigment

Diagnostic characters

LARVAE

Preanal length <50% SL

Length at flexion 11-17 mm SL
Length at transformation 24-27 mm SL

Caudal, dorsals and anals
(nearly simultaneous),
pelvics, pectorals

Sequence of fin
development

Pigment

® Presence of bars

® Ventral stripes longer than dorsal stripes

® Ventral pigment in double row on each side of
midline

® Mediolateral pigment begins anterior to anus

® Double row of melanophores along ventral surface
of gut

Diagnostic characters (see Table 22)
® Pigment
—Double row of melanophores along ventral surface
of gut
—Double row of ventral pigment on each side of
midline
® Rays on superior hypural = 5



Saffron cod GADIDAE

Ventral stripes longer /.0 mm SL
than dorsal stripes

Mediolateral pigment 13.6 mm SL
begins anterior to anus

2t T % sy .
eres SIS HOR ¥
. atetast =

Double row of ventral pigment ~ 10-1 mm SL

on each side of midline
Double row along

ventral surface of gut

17.5 mm SL

Figures A—F (D, ventral view), Dunn and Vinter 1984.
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GADIDAE

Gadus macrocephalus Tilesius 1810

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 49-54-56 EGGS
Precaudal: 18-X-21 Diameter 0.98-1.08 mm (1.02 mm)

Caudal: 31-X-35

Branchiostegal rays 7-7-7

Caudal fin 23-24, 442, 21-22

Pelvic fin Thoracic
R: 6-X-7

Dorsal fin 1st: 10-12-16 2nd: 11-15-22
3rd: 10-X-21

Pectoral fin R: 19-20-22

Anal fin Ist: 16-18-27 2nd: 12-17-25

Gill rakers U: X-X-X L:X-X-X

LIFE HISTORY

Range S. California, 32-34°N, to
Bering Sea, 54-66°N
Ecology Epi-, meso-, and bathybenthal

ELH pattern Oviparous, demersal eggs,
pelagic larvae (small larvae
demersal)?

Season: Jan®-July®

Area: Semi-demersal
(73-265 m)°

Mode: Schools®

Migration: To deepwaterd

Range/function:
228,000¢-3 millionf/
F=12.024 X L2998

2 yrd

13 yrf

Spawning

Fecundity

Age at first maturity
Longevity

“Walters (1984) reported small larvae are demersal whereas Rugen and Matarese
(1988) reported newly hatched larvae quickly rise to above 50 m.

®Miller et al. 1978

Hirschberger and Smith 1983

dKetchen 1961

“Thompson 1962

! Andriashev 1954

EKarp 1982

Ref: Dunn and Matarese 1984, 1987; Dunn and Vinter 1984; Matarese et al. 1981;
Walters 1984.
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No. of oil globules None

Oil globule diameter

Yolk Homogeneous, dense
Envelope Smooth, thick
Hatch size 3-4 mm SL
Incubation time/temp.

Pigment

Diagnostic characters

LARVAE

Preanal length <50% SL

Length at flexion 10-17 mm SL

Length at transformation 25-35 mm SL
Sequence of fin
development
Pigment
® Presence of bars
® Ventral gut with large melanophores (in larvae
>20 mm SL, small spots occur in two rows along
ventral surface of gut)
e Stripe continuity (~5-6 mm SL)
® Mediolateral pigment begins anterior to anus
(~v5-6 mm SL)

Diagnostic characters (see Table 22)
® Pigment
—Large melanophores medially along length of gut
—Single irregular row of pigment on each side of
ventral midline
—Ventral pigment begins at anus after yolksac
absorption
¢ Rays on superior hypural = 4
Distinguished from Theragra chalcogramma at yolksac
stage by
® Less lateral pigment within bars
® Posterior bar longer, extending closer to tail
® Presence of about 2-6 spots in the ventral caudal
region
® More pigment in snout area and on mouth
Distinguished from T. chalcogramma at later stages by
® Generally more pigmented, especially on head and
gut



Pacific cod

GADIDAE

Pigment on Posterior bar begins ~ myomere 40,
snout and mouth  and ends ~ 5 myomeres from tail

4.1 mm SL

4.4 mm SL

Anterior ventral stripe
Pigment on ventral begins near anus
surface of gut

5.6 mm SL

Mediolateral pigment

begins near anus

Single irregular row of melanophores
on each side of ventral midline
Large melanophores

medially along

length of gut

Figure A, NWAFC original (B. Vinter); B, E~F (F, ventral view), Dunn and Vinter 1984; C—D, Matarese et al. 1981.
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8.5 mm SL

13.2 mm SL

11.0 mm SL



GADIDAE

Microgadus proximus (Girard 1854)

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 53-56-60 EGGS
Precaudal: 17-20-21 Diameter

Caudal: 33-37-40

Branchiostegal rays 6-X-8

Caudal fin 22-26, 5+2, 20-24

Pelvic fin Thoracic
R: 6-X-7

Dorsal fin 1st: 9-X-15 2nd: 16-X-21
3rd: 17-X-24

Pectoral fin R: 19-19-19

Anal fin Ist: 20-X-29 2nd: 18-X-28

Gill rakers U: 3-X-5 L: 18-X-23

LIFE HISTORY

Range Cent. California, 34-38°N, to
Bering Sea, 54-66°N?

Ecology Epi- and mesobenthal, 0-275 m

ELH pattern Oviparous, demersal eggs,

pelagic larvae

Spawning Season: Winter-spring®
Area:
Mode:
Migration:

Fecundity Range/function:

Age at first maturity

Longevity

2The presence of M. proximus larvae in the Bering Sea remains a question.
®Richardson 1977

Ref: Dunn and Vinter 1984, Matarese et al. 1981.
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No. of oil globules
Oil globule diameter

Probably none

Yolk Homogeneous

Envelope

Hatch size 3 mm SL

Incubation time/temp.

Pigment

Diagnostic characters

LARVAE

Preanal length <50% SL

Length at flexion 8-15 mm SL

Length at transformation 22-28 mm, pelagic from
28-45 mm SL

Sequence of fin Caudal; 1st anal; 2nd anal,

development 3rd, 2nd, and 1st dorsal
(nearly simultaneously);
pelvics; pectorals
Pigment

® Presence of bars

e Single row on each side of ventral midline anteriorly
and a single row along ventral midline posteriorly

e Large melanophores scattered on ventral surface of
gut

Diagnostic characters (see Table 22)
* Pigment
—Single row on each side of ventral midline
anteriorly and a single row along ventral midline
posteriorly _
—Large melanophores scattered on ventral surface
of gut
® Anterior placement of bars
® Rays on superior hypural = 5
Distinguished from Gadus macrocephalus by
® Dorsal pigment separated in specimens <13 mm SL,
bars not continuous
Distinguished from Theragra chalcogramma by
® Anterior bar begins closer to anus



Pacific tomcod GADIDAE

Anterior ventral stripe begins about 3.6 mm SL
3 myomeres posterior to anus

Single row of melanophores along
ventral midline posteriorly

Large melanophores along
D gut, more anteriorly

v,

16.0 mm SL

Figures A—E (C, ventral view), Matarese et al. 1981.
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GADIDAE

Theragra chalcogramma (Pallas [1814])

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 48-51-53 EGGS

Precaudal: 18-X-20 Diameter 1.35-1.45 mm (1.2-1.8)

Caudal: 31-X-34 No. of oil globules None
Branchiostegal rays  6-X-8 Oil globule diameter
Caudal fin 21-24, 442, 19-22 Yolk Homogeneous
Pelvic fin Thoracic Envelope Smooth, clear

R: 6-X-7 Hatch size 3-4 mm SL
Dorsal fin Ist: 10-12-14 2nd: 12-14-18 Incubation time/temp. 15 d/5°C

3rd: 14-17-21 Pigment
Pectoral fin R: 17-20-22 e Late-stage embryo develops bar pattern
Anal fin Ist: 15-18-22 2nd: 15-18-23
Gill rakers? U: 5-X-7 L: 25-X-34

LIFE HISTORY

Range
Ecology
ELH pattern

Spawning

Fecundity

Age at maturity
Longevity

*Hirschberger and Smith 1983

®Takahura 1954
¢Serobaba 1968

Cent. California, 34-38°N, to
Chukchi Sea, north of 66°N

Epi-, meso-, and bathypelagic,
0-975 m

Oviparous, pelagic eggs,
pelagic larvae

Season: Feb-Aug?

Area: Pelagic (50-460 m)?

Mode: Schools®

Migration: Bering Sea, offshore
to outer and upper slope;*©
Gulf of Alaska to Shelikof
Straitd

Range/function:
91,633-1,200,000/
F=0.1719 X L3604,
L=FL cm;*®
96,216-1,079,540/
F=1.2604 X L3216,
L=FL cmf

3-4 yre

17 yre

4Dunn and Matarese 1987

“Hinckley 1986 (Bering Sea specimens only)
fMiller et al. 1986 (Shelikof Strait specimens only)
2Salveson and Alton 1976a

Ref: Dunn and Matarese 1984, 1987; Dunn and Vinter 1984.

Diagnostic characters
o [ate-stage embryo with pigment

LARVAE
Preanal length <50% SL
Length at flexion 10-17 mm SL

Length at transformation 30-40 mm SL
Sequence of fin Caudal, 1st anal, 2nd anal,

development 3rd dorsal, 2nd dorsal,
Ist dorsal, pelvics,
pectorals
Pigment

® Presence of bars

® A few melanophores scattered on ventral surface of
gut

® Pigment along ventral midline and a single row on
each side

Diagnostic characters (see Table 22)
® See Gadus macrocephalus (p. 194)
® Pigment
—A few melanophores scattered on ventral surface
of gut
—Pigment along ventral midline and a single row on
each side
® Rays on superior hypural = 4
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Walleye pollock GADIDAE

Posterior bar begins ~ myomere 35,
B and ends ~ 10 myomeres from tail

3.5 mm SL

Lateral pigment
within the bar

Anterior ventral stripe begins about 6.2 mm SL
4—5 myomeres posterior to anus

1.2—1.8 mm

«d rex . P Es e e w

RN - oy
ous ¥ a0,
frvrree———

10.2 mm SL

Pigment along ventral midline
and single row on each side

A few spots
anteriorly on gut

40.0 mm SL

Figures A—B, NWAFC originals (B. Vinter); C—E (E, ventral view), Dunn and Vinter 1984; F—G, Gorbunova 1954.
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MACROURIDAE

Among the most common of all deep-sea bottom-living fishes, grenadiers are found in all the world’s oceans. They have
long, tapering bodies and elongate dorsal and anal fins continuous with the tail. A chin barbel is usually present. In the North-
east Pacific there are ten species in three genera. Adults have been found in water as shallow as 100 m but are more common-
ly collected at depths greater than 300 m (Fitch and Lavenberg 1968). Little is known of their early life history. Macrourid
eggs are generally 1-2 mm, have a single oil globule, and some species have honeycomb ornamentation on the chorion. Lar-
vae are characterized by an elongate tail, lack of caudal fin, and an elongate pectoral fin peduncle. The transition from larva
to juvenile is rapid. The most important morphological change is the loss of the pectoral fin peduncle. Other morphological
differences occurring at transformation include small changes in head length, mouth orientation changing from oblique to
horizontal, snout becoming more distinct, and the stomach (gut) becoming reduced in prominence (decreasing depth of posterior
trunk). The occurrence of juveniles of increasing size at increasing depth suggests an ontogenetic migration of subadults
to a benthic existence (Stein 1980a). Some species remain pelagic throughout a prolonged juvenile period (Hubbs and Iwamoto
1977).

Table 23
Meristic characters of family Macrouridae.
Vertebrae Fins Gill rakers
Precaudal Caudal  First*  Second Upper Lower

Taxon Distribution (Total) Dorsal  Dorsal Anal Pectoral  Pelvic (Total) Branchiostegals

Albatrossia pectoralis SSC - Bering Sea 13-14 9-11 126 131 16-21 6-8 5-7 6
(5-7

Coryphaenoides acrolepis SSC - Bering Sea 13-16 70  10-13  138-153  123-135 19-22 7-9 5-7 6
(5-7

Coryphaenoides armatus SSC - Bering Sea 13-15 10-12 7 18-22 10-12 1 6-9 6
(7-9)

Coryphaenoides cinereus Oregon - Bering Sea 13-14 12-16 17-23 8-10 1 9-11 6
9-12)

Coryphaenoides filifer S. Calif. - Bering Sea (84) 13-16 18-23 9-10 (8-10) 6

Coryphaenoides leptolepis SSC - SE Alaska 12 10-12 18-22 9-11 1 8-10 6
(8-11)

Coryph ides liocephall Brit. Col. (84) 11 114 113 20 10 6

Coryphaenoides longifilis Aleutian Is. - Bering Sea 14-15 14-16 15-19 9-10 2-3 12-13 6

Coryphaenoides yaquinae Cent. Calif. - Oregon 9-12 16-22 8-11 (11-12)

Nezumia stelgidolepis SSC - Brit. Col. 13 7377 10-13 20-26 8-11 (8-12) i

*First dorsal fin count includes two spinous rays.
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Grenadiers

MACROURIDAE

Table 24
Morphological characters useful in identifying macrourid larvae likely to occur off the coast of Oregon (Stein 1980a).
Coryphaenoides
Albatrossia
pectoralis C. acrolepis C. armatus C. cinereus C. filifer C. leptolepis
Larval body pigment Unknown Melanophores on dorsum Unknown Unknown Melanophores widely scat- Melanophores on trunk
and venter, absent on last tered on dorsum around and head, closely spaced,
20% of tail and on dorsal fin only not posterior to anal fin
midline ~10th ray
First dorsal fin rays 7-9 9.11 8-10 10-12 11-15 8-10
Pelvic fin rays 6-8 89 10-11 8-10 9-10 9-10
Pyloric caeca 12-16 12-14 10-13 5-7 8-12 11
Rostral scutes® Absent Strong Absent Strong Strong Absent
Size at which pectoral fin — 9.4-9.8 mm HL® 18.2 mm HL — 14.1-14.6 mm HL 6.2-15.0 mm HL
peduncle is reduced
Precaudal vertebrae 13-14 14-15 13-15 13-14 — 12
Gas glands™® 2 4 5-6 4 4 6
Retia™® 2 4 5-6 4 4 6

? Adult/juvenile characters.

®Since macrourid larvae often have damaged tails, body lengths are generally described by head lengths (HL).
°The swimbladder in postlarvae and juveniles can be examined by making an incision in the side of the abdominal cavity.
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MACROURIDAE

Coryphaenoides acrolepis (Bean 1884)

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 86-86-86 EGGS
Precaudal: 14-X-15 Diameter Ripe eggs 2 mm

Branchiostegal rays
Caudal fin
Pelvic fin

Dorsal fin?2
Pectoral fin
Anal fin

Gill rakers

LIFE HISTORY

Caudal: 70-70-70

6-6-6

Absent

Thoracic

R: 8-X-9

Ist: 9-X-11 2nd: 138-X-153
R: 19-20-22

R: 123-X-135

U: X-X-X L: 5-6-7

Range

Ecology
ELH pattern

Spawning

Fecundity
Age at first maturity
Longevity

South of southern California to
Bering Sea, 54-66°N

Meso- and bathybenthal

Oviparous, eggs probably
pelagic, pelagic larvae

Season:

Area:

Mode:

Migration:

Range/function:

#Range of counts for the first dorsal does not include “spines.”

Ref: Stein 1980a.
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No. of oil globules
Oil globule diameter
Yolk

Envelope

Hatch size

Incubation time/temp.
Pigment

Diagnostic characters

LARVAE

Preanal length

Length at flexion

Length at transformation

Sequence of fin
development

Pigment
® Melanophores on dorsal and ventral body surface
e Lateral pigment absent on posterior 20% of body

Diagnostic characters (see Table 24)
e Number of first dorsal fin rays (9-11)
® Pelvic fin rays (8-9)
® Number of gas glands (four)
® Presence of rostral scutes in juveniles >16 mm HL



Pacific grenadier MACROURIDAE

Dorsal and anal
Frontal finfold pigment
patch » T

Lateral gut i =
Lower jaw pigment == 1.8 mm HL
pigment
Wt
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3.8 mm HL

Formation of
dorsal patch

6.7 mm HL

9.8 mm HL

barbel

Pectoral fin peduncle reduced

Figures A—D, Stein 1980.
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MACROURIDAE Coryphaenoides filifer (Gilbert 1896)
MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 84-84-84 EGGS

Precaudal: X-X-X Diameter

Branchiostegal rays
Caudal fin
Pelvic fin

Dorsal fin?
Pectoral fin
Anal fin

Gill rakers

LIFE HISTORY

Caudal: X-X-X

6-6-6

Absent

Thoracic

R: 9-9-10

Ist: 11-X-15 2nd: X-X-X
R: 18-22-23

R: X-X-X

U: X-X-X L: X-X-X

Range

Ecology
ELH pattern

Spawning

Fecundity
Age at first maturity
Longevity

S. California, 32-34°N, to
Bering Sea, 54-66°N

Bathybenthal

Oviparous, eggs probably
pelagic, pelagic larvae

Season:

Area:

Mode:

Migration:

Range/function:

#Range of counts for the first dorsal does not include ‘‘spines.”’

Ref: Stein 1980a.
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No. of oil globules
Qil globule diameter
Yolk

Envelope

Hatch size

Incubation time/temp.
Pigment

Diagnostic characters

LARVAE

Preanal length
Length at flexion
Length at transformation
Sequence of fin
development
Pigment
® Melanophores widely scattered on upper dorsal body
around dorsal fin

Diagnostic characters (see Table 24)
® Number of first dorsal fin rays (11-15)
® Pelvic fin rays (9-10)
e Number of gas glands (four)
® Pigment pattern: Fine pigment spots under first
dorsal fin



Threadfin grenadier MACROURIDAE

A Dorsal patch

on upper body

Frontal over gut

patch

Dorsolateral
surface of gut

RS
O\ e 10,5 3m HL

14.6 mm HL

Metamorphosis
almost complete

Figures A—C, Stein 1980. Figure C is a composite drawn from two specimens. The head has been reconstructed.
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MACROURIDAE

Coryphaenoides leptolepis Glinther 1877

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: X-X-X EGGS

Precaudal: 12-12-12 Diameter

Caudal: X-X-X No. of oil globules
Branchiostegal rays  6-6-6 Oil globule diameter
Caudal fin Absent Yolk
Pelvic fin Thoracic Envelope

R: 9-X-10 Hatch size
Dorsal fin2 Ist: 8-X-10 2nd: X-X-X Incubation time/temp.
Pectoral fin R: 18-19-22 Pigment
Anal fin R: X-X-X
Gill rakers U: 1-1-1 L: 8-X-10

LIFE HISTORY

Range South of southern California to
SE Alaska, 55-59°N

Ecology Bathybenthal

ELH pattern

Spawning

Fecundity
Age at first maturity
Longevity

Oviparous, eggs probably
pelagic, pelagic larvae

Season:

Area:

Mode:

Migration:

Range/function:

2Range of counts for the first dorsal does not include “spines.”
l’According to Stein (1980a), this pattern may be similar in C. armatus.

Ref: Stein 1980a.
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Diagnostic characters

LARVAE

Preanal length

Length at flexion

Length at transformation

Sequence of fin
development

Pigment

® Melanophores on trunk, gut, and head dense, but
not present posterior to anal fin (~10th ray)®

Diagnostic characters (see Table 24)

® Pigment pattern: Pigment to 10th anal fin ray

® Number of gas glands (six)
® Number of first dorsal fin rays (8-10)



Ghostly grenadier MACROURIDAE

Dense pigment on preanal
A body to ~ 10th anal fin ray

Frontal
head patch

Internal head
pigment

Metamorphic 15.2 mm HL
stage

Figures A—B, Stein 1980.
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MACROURIDAE

Nezumia stelgidolepis (Gilbert 1890)

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 86-X-90 EGGS
Precaudal: 13-13-13 Diameter

Caudal: 73-X-77

Branchiostegal rays  7-7-7
Caudal fin Absent
Pelvic fin Thoracic
R: 8-X-11
Dorsal fin S: 10-X-13 R: X-X-X
Pectoral fin R: 20-X-26
Anal fin R: X-X-X

Gill rakers U: X-X-X L: X-X-X

LIFE HISTORY

Range South of southern California to
Brit. Col., 48°30°-55°N
Ecology Epi- and mesobenthal

ELH pattern Oviparous, eggs unknown,

pelagic larvae

Spawning Season:
Area:
Mode:
Migration:
Fecundity Range/function:
Age at first maturity
Longevity

Ref: Fahay and Markle 1984.

208

No. of oil globules
Oil globule diameter
Yolk

Envelope

Hatch size

Incubation time/temp.
Pigment

Diagnostic characters

LARVAE - Genus

Preanal length

Length at flexion

Length at transformation

Sequence of fin
development

Pigment
¢ Frontal patch
e First dorsal fin patch
® Heavy over entire gut
® Ventral midline series and double lateral spots

approximately first half of postanal body

<30% SL

Diagnostic characters
e Lateral pigment on postanal body appears to be
distinctive perhaps at generic level, but whether it
appears in other macrourine larvae cannot be deter-
mined at this time



MACROURIDAE

Frontal patch Dorsal patch

Double row of melanophores
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Figure A, Fahay and Markle 1984. North Atlantic specimen tentatively identified as Nezumia.
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Ophidiiformes

The ophidiiforms occupy mostly benthic habitats ranging from the shallow tropics to abyssal depths and subarctic locations.
Adults have long tapering bodies, with or without a caudal fin, and long dorsal and anal fins. The order comprises 4 families,
86 genera, and 294 species (J. Nelson 1984). The two suborders are defined according to mode of reproduction: Ophidioidei
(Ophidiidae) are oviparous and Bythitoidei (Aphyonidae and Bythitidae) are viviparous (Cohen and Nielsen 1978). Ophidiiform
eggs of oviparous forms are pelagic, may have one oil globule, and are spherical or ellipsoidal (Gordon et al. 1984). Larvae
are not well known; of the eight species found in the study area only two larval series have been identified and are presented
here. A third series of an unidentified ophidiid has been tentatively identified as Spectrunculus grandis.

Families in study area: Ophidiidae

Aphyonidae
Bythitidae
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OPHIDIIDAE

Fishes of this group are found primarily in tropical and temperate waters, although a few occur in subarctic locations. In
the northeastern Pacific there are six species within five genera in the family. Larvae are known only for Chilara taylori,
but a second series has been tentatively identified as Spectrunculus grandis. These larvae occur in samples collected off north-
ern California, Oregon, and Washington. Since meristic characters, especially vertebral counts, are unavailable for several
species in the area, only a tentative identification can be made. Available meristics, however, match those of Spectrunculus
grandis. These larvae resemble those of the pleuronectid, Embassichthys bathybius, and have been routinely mixed with them
in samples. They can be distinguished from E. bathybius (p. 580) larvae by number of myomeres (>75 vs. 65), less finfold
pigment, and a less pronounced loop in the gut.

Table 25
Meristic characters of family Ophidiidae.
Vertebrae Fins Gill rakers
Taxon Distribution Precaudal Caudal  Dorsal Anal Pectoral Pelvic Upper Lower Branchiostegals
Bassozetus sp. Oregon
Chilara taylori SSC - Oregon 18-19 68-72  198-216 156-170 L1 14 59 a
Dicrolene filamentosa SSC - Oregon 100-104 84-90 23-29 12 S 17 8
Holcomycteronus profundissimus ~ Oregon 18-21 107-118 80-95 15-17 1,2 8
Spectrunculus grandis* Cent. Calif. - Gulf of Alaska 23 56 103-140  73-106  26-30 1,2 34 8-9 8
Spectrunculus radcliffei Gulf of Alaska

*Aboussouan and Rasonarivo (1986) described a larva as S. grandis from the Indian Ocean. The counts are the following:

precaudal vertebrae 18-19
caudal vertebrae 53
dorsal fin 118
anal fin 96
pectoral fin 23/24
pelvic fin 1,2
caudal fin 4+4/5

212



Cusk-eels OPHIDIIDAE

Ophidiidae (tentatively Spectrunculus grandis)

15.6 mm SL
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29.8 mm SL

Figures A—B, NWAFC originals (B. Vinter).
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OPHIDIIDAE

Chilara taylori (Girard 1858)

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 86-88-91 EGGS
Precaudal: 18-18-19 Diameter

Branchiostegal rays
Caudal fin
Pelvic fin

Dorsal fin
Pectoral fin
Anal fin
Gill rakers

LIFE HISTORY

Caudal: 68-70-72
7-7-7

X, 445, X

Jugular

S: 1-1-1  R: 1-1-1
R: 198-X-216

R: 22-X-25

R: 156-X-170

U: 1-X-4 L: 5-X9

Range?

Ecology
ELH pattern

Spawning

Fecundity

Age at first maturity

Longevity

South of southern California to
Oregon, 42-46°N

Epi- and mesobenthal, 1-244 m

Oviparous, eggs unknown,
pelagic larvae

Season: Larvae collected in fall
(Baja California)®

Area:

Mode:

Migration:

Range/function:

?Center of distribution is Pt. Eugenia, Baja California.

®Ambrose et al. 1983

Ref: Ambrose et al. 1983.
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No. of oil globules
Oil globule diameter
Yolk

Envelope

Hatch size

Incubation time/temp.
Pigment

Diagnostic characters

LARVAE

Preanal length
Length at flexion

Length at transformation 22-30 mm SL

Sequence of fin
development
Pigment
e Caudal fin pigment

® Ventral (double series) with development, extends
along base of brain and onto snout

® Ventral gut

Diagnostic characters

® Gut loops form at 14 mm SL

¢ Distinctive pigment pattern

® High number of myomeres (86-91)

<50% SL



Spotted cusk-eel OPHIDIIDAE

5.0mm NL

Caudal
pigment

4.8 mm NL

T X
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4.8 mm NL

Double row of
ventral melanophores

Anterior extension 7.3 mm NL
of ventral pigment

14.4 mm NL

Figures A—E (C, ventral view), Ambrose et al. 1983.
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BYTHITOIDEI

Fishes of this group are found in tropical and temperate waters, freshwater, and at abyssal depths. The families Aphyonidae
and Bythitidae, which form the suborder, are represented in the Northeast Pacific by four species within four genera. Only
larvae of Brosmophycis marginata are known. All bythitoid males possess an intromittent organ, some with pseudoclaspers.

Table 26
Meristic characters of suborder Bythitoidei.
Vertebrae Gill rakers
Fins
Precaudal Caudal Upper Lower

Taxon Distribution (Total) Dorsal Anal Pectoral Pelvic (Total) Branchiostegals
Aphyonidae

Barathronus pacificus N. Calif. - Oregon 37-38 46-51 71-75 62-69 25-26 L1 5-7 26-28

Sciadonus pedicellaris SSC - Oregon 4347 36-39 91-93 4247 11-14 L1 (14-15) 9-10
Bythitidae

Brosmophycis marginata SSC - SE Alaska 16-17 47-49 99-110 72-81 20-26 L2 7

Cataetyx rubrirostris S. Calif. - Oregon (60-62) 102-109 76-82 L1 3 8
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BYTHITIDAE

Brosmophycis marginata (Ayres 1854)

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 63-64-65 EGGS
Precaudal: 16-16-17 Diameter

Branchiostegal rays
Caudal fin
Pelvic fin

Dorsal fin
Pectoral fin
Anal fin
Gill rakers

LIFE HISTORY

Caudal: 47-48-49

7-7-7

Jugular

S: 1-1-1 R: 2-2-2
R: 99-101-110

R: 20-X-26

R: 72-75-81

U: X-X-X L: X-X-X

Range

Ecology
ELH pattern

Spawning

Fecundity
Age at first maturity
Longevity

#Hart 1973

®A figure of a postflexion bythitid from the Atlantic Ocean is included for comparison.

Ref: NWAFC, unpubl.

South of southern California to
SE Alaska, 55-59°N

Epi- and mesobenthal, 3-256 m

Probably ovoviviparous, pelagic
larvae

Season: Spring?

Area:

Mode:

Migration:

Range/function: 12,000-30,0002
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No. of oil globules

Oil globule diameter

Yolk

Envelope

Hatch size 9.0 mm NL
Incubation time/temp.

Pigment

Diagnostic characters

LARVAE"
Preanal length <50% SL
Length at flexion >13.5-18.0 mm SL

Length at transformation
Sequence of fin
development
Pigment
e Newly hatched larvae have pigment on lower jaw
e Alternating dorsal/ventral spots
® Above/below anterior portion of tail tip (more
pronounced in specimens <12.5 mm SL)
® Swimbladder and on gut

Diagnostic characters
® Pigment pattern: Dorsal/ventral spots



Red brotula BYTHITIDAE

~~710.6 mm SL

Alternating dorsal and ventral spots

12.5 mm NL

& .r

— &\\\\\\\\\\N\\\\\\v\k}&%\@\xﬁg mm SL

(Unidentified bythitid)

Figure A, NWAFC original (B. Vinter); B—C, Gordon et al. 1984 (C, North Atlantic specimen).
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Lophiiformes

The order Lophiiformes includes some of the most unusual fishes known. Adults exhibit several forms: Dorsoventrally flat-
tened and ventrally compressed forms found in shallow-water benthic habitat, and globose, flabby-bodied forms found at
meso- and bathypelagic depths. Worldwide there are 18 families, 63 genera, and 262 species (Pietsch 1984). All families
are characterized by having a luring apparatus (illicium) bearing a terminal bait (esca) originating from three modified anterior
dorsal spines and a narrow tube-like gill opening located near the pectoral fin. Extreme sexual dimorphism is common among
the fishes within the suborder Ceratioidei. Males are one-third the size of females or smaller and sometimes are permanently
attached (parasitic) to them. Eggs of most lophiiforms are spawned in gelatinous ‘‘veils’’ which may be up to 1.5 m wide
and 12 m long (Pietsch 1984). Several species have eggs attached to the adult (Pietsch and Grobecker 1987). Larvae are
pelagic and many have large heads and an envelope of highly inflated skin. Neither eggs nor larvae have been collected
in the study area.

Families in study area: Ceratiidae
Oneirodidae
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CERATIOIDEI

The suborder Ceratioidei is represented within the study area by members of the families Oneirodidae and Ceratiidae. Ceratioids
differ from other members of the Lophiiformes in being meso- and bathypelagic, lacking pelvic fins (except larval Caulo-
phrynidae), and in having extreme sexual dimorphism.

Oneirodidae

Found worldwide, oneirodids (dreamers) are represented by five species within three genera (Oneirodes, Chaenophryne,
and Bertella) in the Northeast Pacific. Reproduction is accomplished by facultative or non-parasitic attachment of the male
onto the body of the female (Pietsch 1976). Eggs and larvae are pelagic. Eggs are probably released in gelatinous veils which
might break up in plankton nets. Eggs are presumably small, generally 0.5-0.8 mm, and hatching occurs between 2.5 and
3.5 mm SL (Bertelsen 1984). Larvae have a transparent envelope of gelatin, under colorless skin, which may serve as an
aid to flotation (Idyll 1964, Pietsch 1984).
According to Bertelsen (1984), larval characters for oneirodids include the following:

® Presence in larval males of a rudiment of illical bone

® Moderately elongate body shape (body depth up to 80-90% in most ceratioids but less pronounced in oneirodids)

® Larvae surrounded by inflated transparent skin (similar to other ceratioids)

e Head length usually about 45% SL

¢ Pigment: Ceratioids possess four main pigment areas (peritoneal, dorsal, caudal, and opercular). In oneirodids,

the opercular pigment is dense and occurs in different patterns

At metamorphosis (usually between 8 and 10 mm SL), larvae descend into deeper waters.

Ceratiidae

Recently, two ceratiids (seadevils) have been identified from the Bering Sea, Ceratias holboelli and Ceratias sp. (Pietsch
1986). Larval ceratiids are distinguished from other ceratioid families in having the following combination of characters (Pietsch
1986):

¢ Body ‘‘hump-backed,”” mouth subvertical

¢ Female with caruncles on dorsal surface of trunk

® 4-5 dorsal fin rays, 4 anal fin rays

® Pectoral fins not reaching beyond dorsal and anal fins

e Pelvic fins absent
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CERATIOIDEI

Table 27
Meristic characters of Ceratioidei.
Vertebrae
Fins
Precaudal Caudal
Taxon Distribution (Total) Dorsal Anal Pectoral Branchiostegals
Ceratiidae
Ceratias holboelli Bering Sea 4-5 4
Ceratias sp. Bering Sea 4-5 4
Oneirodidae
Bertella idiomorpha SSC - Gulf of Alaska 5 15 5-6 4-5 17-21 6
Chaenophryne longiceps SSC - Oregon 21) 6-7 5-6 17-22 6
Chaenophryne melanorhabd SSC - Brit. Col. 9 10 6-8 5-6 16-17 6
Oneirodes bulbosus Oregon - Bering Sea 4 16 6-7 4 15-18 6
Oneirodes thompsoni N. Calif. - Bering Sea 4+ 16 5-6 4 14-17 6
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ONEIRODIDAE

Chaenophryne longiceps Regan 1925

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 21-21-21 EGGS
Precaudal: X-X-X Diameter
Caudal: X-X-X No. of oil globules
Branchiostegal rays 6-6-6 Oil globule diameter
Caudal fin Yolk
Pelvic fin Absent Envelope
Dorsal fin R: 6-7-7 Hatch size
Pectoral fin R: 17-19-22 Incubation time/temp.
Anal fin R: 5-5-6 Pigment
Gill rakers U: X-X-X L: X-X-X
Diagnostic characters
LIFE HISTORY
LARVAE®
Range South of southern California to Preanal length
Oregon, 42-46°N Length at flexion
Ecology Mesopelagic, 200-1000 m Length at transformation
ELH pattern Oviparous, pelagic eggs, Sequence of fin
pelagic larvae development
Spawning Season: Pigment
Area: ® Pigment appears in all four pigment areas
Mode: Males attach to body of —Peritoneal
fema.lea —Anterior body, begins as a small dorsal patch
. Migration: _ —Opercular
Fecundity Range/function: —Caudal, initially a few spots
Age at first maturity
Longevity Diagnostic characters
® Generally more lightly pigmented than Oneirodes
Spp.
*Pietsch 1976

®Because of the possibility of involvement of other species in the description, and
geographic variation, specimens in our area could differ.

Ref: Bertelsen 1984.
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Smoothhead dreamer ONEIRODIDAE

Figures A—E, Bertelsen 1951 (North Atlantic specimens).
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ONEIRODIDAE

Oneirodes bulbosus Chapman 1939

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 20-20-20 EGGS
Precaudal: 4-4-4 Diameter

Caudal: 16-16-16
Branchiostegal rays 6-6-6

Caudal fin

Pelvic fin Absent

Dorsal fin R: 6-X-7

Pectoral fin R: 15-16-18

Anal fin R: 4-4-4

Gill rakers U: X-X-X L: X-X-X

LIFE HISTORY

Range Oregon, 42-46°N, to
Bering Sea, 54-66°N
Ecology Mesopelagic, 200-1000 m

ELH pattern Oviparous, pelagic eggs,

pelagic larvae

Spawning Season:
Area:
Mode: Males attach to body of
female?
Migration:
Fecundity Range/function:
Age at first maturity
Longevity

#Pietsch 1976

l’Figures of Oneirodes eschrichti group (Bertelsen 1951) are presented for comparison
only. Because of the possibility of involvement of other species in the description,
and geographic variation, specimens of Oneirodes in our area could differ.

Ref: Bertelsen 1984.

No. of oil globules
Oil globule diameter
Yolk

Envelope

Hatch size

Incubation time/temp.
Pigment

Diagnostic characters

LARVAE"

Preanal length
Length at flexion
Length at transformation
Sequence of fin
development
Pigment - Species group
¢ Pigment in three out of the four main pigment areas
—Peritoneal
—Anterior body
—Opercular
¢ Caudal pigment is light and appears late in
development

Diagnostic characters



ONEIRODIDAE

Anterodorsal pigment patch

3.0mm¢?

Opercular and peritoneal pigment

12.5mm SL ¢

Figures A—E, Bertelsen 1951 (North Atlantic specimens from the O. eschrichti group).
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Gobiesociformes

The gobiesociforms (clingfishes) are mostly small, inshore bottom-dwelling species occurring in tropical and temperate seas.
Noted primarily for having the pelvic fins modified into a sucking disc, the order has 2 families, 36 genera, and 114 species
(J. Nelson 1984). All but one genus and four species are members of Gobiesocidae. Eggs are demersal, attached to substrate
or kelp, ovate to ellipsoidal, and 0.7-1.9 mm. Oil globules (1-100) coalesce to one during development (Allen 1984). Larvae
are well developed at hatching and may have a fully formed pelvic disc at this time (Marliave 1975a). Most are heavily
pigmented and have long guts (50-70% SL) (Allen 1984).

Family in study area: Gobiesocidae
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GOBIESOCIDAE

Gobiesox maeandricus (Girard 1858)

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 32-33-34 EGGS
Precaudal: 12-14-14 Diameter 1.68-1.92 mm (1.78)

Branchiostegal rays
Caudal fin
Pelvic fin

Dorsal fin
Pectoral fin
Anal fin
Gill rakers

LIFE HISTORY

Caudal: 19-19-20
6-6-6

Total rays=11-13
Disc

S: 1-1-1

R: 13-16-16
R: 21-22-23
R: 13-14-15
U: X-X-X L: X-X-X

R: 4-4-4

Range

Ecology
ELH pattern

Spawning

Fecundity

Age at first maturity
Longevity

2Marliave 1975a
®Johnson 1970

South of southern California to
SE Alaska, 55-59°N

Intertidal, nearshore, 0-8 m

Oviparous; demersal, attached,
guarded eggs; pelagic larvae

Season: Winter-spring (British
Columbia)?

Area: Demersal, on underside of
rocks, usually intertidal?

Mode: Polygamous males guard
eggs (laid in monolayer)?

Migration:

Range/function: 194-382 per
female®

Ref: Allen 1984, Allen and Ilg 1983.

No. of oil globules
Oil globule diameter

Yolk Bilobed in embryo and
yolksac larva

Envelope

Hatch size 5.7 mm SL, yolksac present

until 6.2 mm SL
Incubation time/temp. 30 d/9-11°C

Pigment

Diagnostic characters
® Adhesive, hemispherical, flat at point of attachment

LARVAE

Head length 21-35% SL; gut length
(preanal minus head
length) 25% SL

Length at flexion 7 mm SL

Length at transformation 10-13 mm SL

Sequence of fin Pectoral fin buds form at

development 7.0 mm SL; pelvic disc
is formed by 7.3 mm SL
and fully functioning by
9.1 mm SL
Pigment

® Dorsally on gut
® With development, on snout and dorsal region of
head

Diagnostic characters
e Large melanophores on dorsal surface of gut, lack
of pigment on lateral surface
® Forms pelvic disc
® Number of myomeres (32-34)
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Northern clingfish GOBIESOCIDAE

; 5.8 mm SL
Heavy pigment along dorsal

B surface of gut

7.0 mm SL

awper i e
13.0 mm SL
Figures A, C—E, Allen and Ilg 1983; B, NWAFC original (B. Vinter).
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GOBIESOCIDAE

Rimicola muscarum (Meek and Pierson 1895)

MERISTICS EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 35-X-36 EGGS
Precaudal: X-X-X Diameter 1.3 mm
Caudal: X-X-X No. of oil globules One
Branchiostegal rays  5-X-7 Oil globule diameter
Caudal fin Total rays=8 Yolk
Pelvic fin Disc Envelope
S: 1-1-1  R:4-4-4 Hatch size <4 mm SL; yolksac present
Dorsal fin R: 6-7-8 at 4 mm SL
Pectoral fin R: 14-15-17 Incubation time/temp.
Anal fin R: 6-7-8 Pigment
Gill rakers U: X-X-X L: X-X-X
Diagnostic characters
LIFE HISTORY
LARVAE
Range South of southern California to Preanal length ~50% SL
Brit. Col., 48°30°-55°N Length at flexion
Ecology Intertidal, nearshore Length at transformation

ELH pattern

Spawning

Fecundity
Age at first maturity
Longevity

#Allen 1984

Ref: Allen 1979, Marliave 1975a.

Oviparous; demersal, attached

eggs; pelagic larvae
Season:

Area: Kelp beds, on blades?

Mode:
Migration:
Range/function:
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Sequence of fin
development
Pigment (based on figure only)
® Lateral melanophores (40-50)
® No postanal ventral melanophores
® No hypural pigment

Diagnostic characters
® Pelvic disc at hatching
® Number of myomeres (35-36)

Note: Marliave (1975a) reared Rimicola muscarum in the
laboratory. Eggs (1.3 mm in diameter) had a single oil
globule, and late-stage embryos developed a pelvic disc.
Hatching occurred when embryos reached 4.0 mm SL. He
described them as identical to Gobiesox maeandricus larvae
except that they were markedly smaller, without nasal pig-
ment, and with the pelvic disc at hatching. According to
Marliave (Vancouver Public Aquarium, P.O. Box 3232,
Vancouver, B.C., Canada V6B 3X8, pers. commun., 16 Oct.
1986), R. muscarum probably lacks a pelagic stage and the
specimen illustrated here from Allen (1979) is misidentified.



Kelp clingfish GOBIESOCIDAE

Large melanophores 4 mm SL
on anterior body

Figure A, Allen 1979.
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Atherinomorpha: Beloniformes
Atheriniformes

The Beloniformes and Atheriniformes together comprise a group of fishes found in freshwater and marine habitats within
tropical and temperate areas. The Beloniformes (not always accorded ordinal status [J. Nelson 1984]), consists of 5 families,
37 genera, and 180 species (Collette et al. 1984a). Marine forms of this order are mostly epipelagic, the best known being
exocoetids, or flying fish. There are 6 families (White et al. 1984), 49 genera, and 235 species of atheriniforms (J. Nelson
1984). The two orders belong to the superorder Atherinomorpha and share the development of large demersal eggs with
filaments and oil globules that coalesce at the vegetal pole (Collette 1984). Filaments may be short or long, grouped or evenly
scattered, and adhesive or non-adhesive. Beloniform larvae are well formed at hatching and many have a preanal finfold
and beak-like jaws (Collette et al. 1984a). Atheriniform larvae have direct development (i.e., no specialized larval or juvenile
stages), a preanal finfold, and a single row of melanophores on the dorsal midline (White et al. 1984).

Families in study area: Scomberesocidae
Atherinidae
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SCOMBERESOCIDAE

Cololabis saira (Brevoort 1856)

MERISTICS EARLY LIFE HISTORY DESCRIPTION

Vertebrae Total: 62-65-69 EGGS
Precaudal: 37-38-40 Diameter 1.58 (1.68 mm)x2.13 mm
Caudal: 24-27-29* No. of oil globules None

Branchiostegal rays  14-X-15 Oil globule diameter

Caudal fin X, 7+§, X Yolk Homogeneous

Pelvic fin Abdominal Envelope Adhesive filaments, 12-15
R: 6-6-6 in polar cluster and

Dorsal fin R: 14-X-182 1 lateral

Pectoral fin R: 12-13-15 Hatch size 6.0-8.5 mm SL (family)

Anal fin R: 18-X-212 Incubation time/temp

Gill rakers U: X-X-X L: X-X-X Pigment

LIFE HISTORY

Range South of southern California to
Bering Sea, 54-66°N
Ecology Epipelagic, 0-200 m

ELH pattern Oviparous, eggs attach to
flotsam (kelp) with adhesive
filaments, pelagic larvae

Season: Winter-fall;® peaks
Feb-July®

Area:

Mode: Schools®

Migration:

Range/function: ~1800 during
each of 6-7 spawnings®

2 yrb

5 yrb

Spawning

Fecundity

Age at first maturity
Longevity

2Collette et al. 1984a
®Fitch and Lavenberg 1971
“Wang 1981

Ref: Collette et al. 1984a, Fitch and Lavenberg 1971, Uchida et al. 1958.
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Diagnostic characters
® Adhesive filaments in polar cluster
o Single lateral filament
 Slightly ovoid

LARVAE

Preanal length

Length at flexion

Length at transformation

Sequence of fin
development

65% SL

Caudal, dorsal and anal,
pectorals, pelvics (caudal
forms at hatching)

Pigment
® Dense body pigment

Diagnostic characters (see Table 3)
® Persistent preanal finfold
* Unpigmented area on ventrolateral region of caudal
peduncle
® At 20-40 mm SL, upper and lower jaw are slightly
elongate but do not form prominent beak; with
growth a slight beak develops



Pacific saury SCOMBERESOCIDAE

Preanal finfold persists
through development

6.7 mm SL

1.7x 1.9 mm

Lower jaw slightly elongate R

Figure A, Matarese and Sandknop 1984; B, Collette et al. 1984a; C—D, NWAFC originals (B. Vinter); E, Moser

1981; F, Uchida et al. 1958.
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ATHERINIDAE

Atherinops affinis (Ayres 1860)

MERISTICS® EARLY LIFE HISTORY DESCRIPTION¢
Vertebrae Total: 44-48-52 EGGS
Precaudal: 32-34-37 Diameter 1.5-1.7 mm¢

Caudal: 11-13-15

Branchiostegal rays 5-X-6
Caudal fin
Pelvic fin Abdominal

S: 1-1-1 R: 5-5-5
Dorsal fin S: 6-X-10 R: 8-X-14
Pectoral fin R: 13-13-13
Anal fin S: 1-1-1 R: 19-X-25
Gill rakers U: 4-X-8 L:21-X-34

LIFE HISTORY

Range South of southern California to
Brit. Col., 48°30'-55°N
Ecology Nearshore shelf pelagic

ELH pattern Oviparous, eggs with adhesive

filaments, pelagic larvae

Spawning Season: May-July®
Area: Mudflats, eelgrass®
Mode: Schools®
Migration: To mudflats in

sloughs?

Fecundity Range/function:

Age at first maturity 2-3 yr°

Longevity 6-7 yr®

# Meristic information from White et al. (1984) is very different from the information
in our database. Due to confusion in the literature over the definition of spines and
rays, only total elements are reported by White et al. (1984) and they are as follows:

Vertebrae 43-49 Pectoral fin 12-15
First dorsal fin 3-7 Anal fin 9-14
Second dorsal fin 10-14 Gill rakers 14-27

°Hart 1973

CFitch and Lavenberg 1975

4 Additional unpubl. data provided by W. Watson, H.J. Walker, and R. Davis
(W. Watson, Marine Ecological Consultants, 531 Encinitas Blvd., Suite 110,
Encinitas, CA 92024, pers. commun., 3 Nov. 1986).

°Wang 1981

fAccording to White et al. (1984), two egg types are reported for the species, one
with 40-78 filaments attached at both ends and the other with about 6 filaments attached
only at one end.

Ref: Wang 1981, White et al. 1984.

238

No. of oil globules Initially may have one to
many, but they usually
coalesce to one

Oil globule diameter

Yolk

Envelope

Hatch size

Amber, granular

6-7 filamentsf

4.3-4.9 mm SL; yolk
absorbed by 7 mm SL

Incubation time/temp. 9 d/15-18°C
Pigment
® Dorsal and lateral spots on head, few anterior spots
on yolksac

Diagnostic characters
® Narrow perivitelline space

LARVAE
Preanal length 30-40% SL
Length at flexion 7.7-10.5 mm SL

Length at transformation 15 mm SL
Sequence of fin Caudal, pectorals, anal rays
development and 2nd dorsal, pelvics,
Ist dorsal and anal spines
Pigment
® Dorsal midline from snout to caudal peduncle
® Mediolateral beginning above gut
® Dorsal and ventral surface of gut
® Ventrally on tail

Diagnostic characters
Distinguished from Atherinopsis californiensis by
® Presence of melanophores along ventral body
midline and ventral gut



Topsmelt ATHERINIDAE

Attachments shown
at both ends

Usually more pigment
around tip of notochord
B than shown here

1.5—-1.7 mm

Preanal finfold

Ventral pigment along gut
and postanal body

14.0 mm SL

Figure A, White et al. 1984; B—E (D, ventral view), Watson and McGowen, unpubl.

239



ATHERINIDAE Atherinopsis californiensis Girard 1854

MERISTICS® EARLY LIFE HISTORY DESCRIPTION®
Vertebrae Total: 50-51-52 EGGS

Precaudal: 9-12-14 Diameter 1.9-2.5 mm®

Caudal: 37-39-41 No. of oil globules Many (23-44) which coalesce
Branchiostegal rays 5-X-6 to one or few
Caudal fin Oil globule diameter 0.4-0.6 mm (consolidated)
Pelvic fin Abdominal Yolk Yellow-orange, granular

S: 1-1-1 R: 6-6-6 Envelope 13-19 filaments scattered on
Dorsal fin S: 6-X-10 R: 11-X-14 surface
Pectoral fin R: 15-15-15 Hatch size 7.5-8.6 mm SL; yolk
Anal fin S: 1-1-1 R: 21-X-26 absorbed by 10 mm SL
Gill rakers U: X-X-X L: X-X-X Incubation time/temp. 17-19 d/12-16°C

Pigment

® Dorsal spots along nape
LIFE HISTORY

Diagnostic characters

Range South of southern California to e Narrow perivitelline space
Oregon, 42-46°N e 12 cm filaments
Ecology Nearshore shelf pelagic
ELH pattern Oviparous, eggs with filaments
in a mass or attached to LARVAE
substrate, pelagic larvae Preanal length <50% SL
Spawning Season: Fall-spring” Length at flexion 8.8 to <11.5 mm SL
Area: On algae, eelgrass® Length at transformation 18.1-19.5 mm SL
Mgde:. Sequence of fin Caudal, pectorals, anal rays
. Migration: development and 2nd dorsal, pelvics,
Fecundity Range/function: Ist dorsal and anal spines
Age at first maturity Pigment
Longevity

® Dorsal midline from snout to caudal peduncle,
sometimes with a break in nape area

® Mediolateral usually begins posterior to gut during
preflexion stage

Diagnostic characters
Distinguished from Atherinops affinis by
¢ First 5-6 postanal myomeres always lack ventral
pigment through the larval and early juvenile stages
® Lack of ventral midline melanophores until
midflexion
® Mediolateral pigment originates further posterior

2 Meristics from White et al. (1984) are as follows:

Vertebrae 46-53

First dorsal fin 49

Second dorsal fin 10-15

Pectoral fin 14-17

Anal fin 20-29

Gill rakers 18-44
®Wang 1981

¢ Additional unpubl. data provided by W. Watson, H.J. Walker, and R. Davis (W.
Watson, Marine Ecological Consultants, 531 Encinitas Blvd., Suite 110, Encinitas,
CA 92024, pers. commun., 3 Nov. 1986).

Ref: Wang 1981, White et al. 1984.
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Jacksmelt ATHERINIDAE

No pigment around
tip of notochord

> Lack of ventral midline melanophores /-7 mm SL

18.3 mm SL

Figure A, White et al. 1984; B—E (C, ventral view), Watson and McGowen, unpubl.
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Lampriformes

Fishes of the order Lampriformes are extremely diverse. Occupying meso- and epipelagic habitats, some are deep-bodied
while others are long and ribbon-like. Extreme specialization and unique body shapes have caused conflicting proposals for
evolutionary relationships within the order (Olney 1984). According to Olney (1984), there are 7 families, 12 genera, and
21 families worldwide (not found in polar seas). Lampriforms share the unique arrangement of protrusible premaxilla and
maxilla, or specializations thereof. Early-life-history information is available for only four genera. Eggs are large (1.7-4.0 mm)
with thick resilient chorions, pelagic, and may be shaded with amber, pink, or red hues. Advanced stages of eggs of some
forms are easily recognized due to precocious development of anterior dorsal and pelvic rays and distinctive pigment pat-
terns. Newly hatched lampriforms are identified by their well-developed protrusible jaws and elongate anterior dorsal and
pelvic fin elements which are often ornamented with highly pigmented serial or terminal swellings (Olney 1984).

Families in study area: Lampridae
Trachipteridae
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LAMPRIDAE

Lampris guttatus (Brunnich 1788)

MERISTICS® EARLY LIFE HISTORY DESCRIPTION
Vertebrae Total: 43-X-46 EGGS - Family
Precaudal: 19-X-21 Diameter Large, 1.7-4.0 mm

Branchiostegal rays
Caudal fin
Pelvic fin

Dorsal fin
Pectoral fin
Anal fin
Gill rakers

LIFE HISTORY

Caudal: 23-24-25
6-X-7

Total rays=30-32
Abdominal

R: 13-X-17

R: 48-X-52

R: 21-X-24

R: 33-X-42

U: 2-X-3 L: 13-X-14

Range

Ecology
ELH pattern

Spawning

Fecundity

Age at first maturity

Longevity

South of southern California to
Gulf of Alaska, 54-60°N

Epi- and mesopelagic

Oviparous, pelagic eggs,
pelagic larvae

Season: Spring®

Area:

Mode:

Migration:

Range/function:

“Data from Olney (1984) in part, only total elements reported.

®Fitch and Lavenberg 1971

Ref: Olney 1984.
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