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ABSTRACT

Seasonal otter trawling in the region of Norfolk Submarine Canyon
over the continental slope and rise from 1973 through 1976 yielded
nearly 1800 specimens of meso—~ and bathypelagic fishes. Approximately
1600 specimens belonging to 23 species were considered dominant, i.e.,
captured during all four seasons.

This study was divided into three primarily descriptive sections;
the bathymetric distributions of the 23 dominant species, and feeding

habits and internal parasite composition of 18 selected dominant
species.

Vertical distributions were analyzed from catch—-per-unit-effort
data and treated statistically by Kruskal-Wallis analysis for
significant changes in species abundances with depth or season. Five
main bathymetric patterns of distribution were delineated; Upper
Mesopelagic (100-750 m, 2 species), Mesopelagic (201-1000 m, 5
species), Lower Mesopelagic (501-1000 m, 3 species), Lower
Mesopelagic/Upper Bathypelagic Transitiomal (751-1500 m, 2 species),
and Bathypelagic (>1000 m, 8 species). Three species, Benthosema
glaciale, Ceratoscopelus maderensis, and Argyropelecus aculeatus were
found to exhibit a bimodal distribution pattern, with most specimens
taken in nets trawled at bottom depths of 750 m or less, but with a
significant number of captures in nets which fished bottom at greater
than 1000 m, indicating a deeper dwelling or further offshore
component of these species. Overall catch statistics for all species
captured revealed peak catch rates during the spring with a smaller
peak in fall reminiscent of spring—-fall plankton blooms.

Feeding habits were described, using the index of relative
importance to indicate major prey taxa. Changes in food habits with
depth, season, sizes of both predators and prey, and diel period were
shown to occur to varying degrees among the species examined.
Selectivity vs. generality of diet was also examined. Feeding
strategies were proposed based on theoretical activity levels and
apparent degree of food selectivity calculated.

Identifications of the internal parasite faunas associated with
the digestive system indicated that adult parasites were more common
than had previously been found in midwater fish hosts. In addition,
evidence was presented on the presence of a pathogenic fungus in the
liver of a bathypelagic host, Scopelogadus beanii. Ecological
implications of the harboring of other parasitic forms by midwater
fishes were also discussed.

Data presented in each of these sections suggested the possibility
of increased near-bottom presence of the dominant fish species
rendering them more susceptible to capture by otter trawl. Effects of
this phenomenon on vertical distribution, feeding, and internal
parasite faunas were discussed.

xvi



ASPECTS OF VERTICAL DISTRIBUTION AND
ECOLOGY OF THE DOMINANT MESO- AND BATHYPELAGIC

FISHES FROM THE NORFOLK CANYON REGION



GENERAL INTRODUCTION

The Norfolk Submarine Canyon is located at the edge of the
continental shelf approximately 120km east of Norfolk, Virginia,
U.S.A. An intensive study of demersal fish assemblages was conducted
in and around this Canyon on the continental slope and rise during
four seasonal cruises from 1973 to 1976. Even though the principal
collecting gear used during this study was an otter trawl (a bottom
sampling trawl), numerous meso- and bathypelagic (midwater) fishes
were captured in addition to demersal fishes. The purpose of the
present study is to describe the seasonal bathymetric distribution
patterns of 23 meso— and bathypelagic species that are dominant in the
trawl collections, and to provide information on the food habits and
parasitology of 18 of these dominant species. In addition, the
present study examines the hypothesis that midwater fishes regularly
occur near the sea floor on the continental slope and rise where the

oceanic meso- and bathypelagic zones impinge upon the bottom.



GENERAL METHODS AND MATERIALS

Data Collection

Most of the specimens for this study were captured during four
cruises made from 1973-1976 in the region of the Norfolk Submarine
Canyon (approx. 36°58' — 37°10'N, 73°00'-74°45'W) and an adjacent
“"open"” continental slope area to the south (approx. 36°34'-36°46'N,
73°00'-74°45'W). These four cruises, CI-73-10 (1-20 June 1973),
GI-74-04 (11-25 Nov. 1974), GIf75—08 (5-20 Sept. 1975), and GI-76-01
(22-31 Jan. 1976), roughly comprised the seasons spring, fall, summer,
and winter respectively. On all cruises, a 13.7 m (45 ft.)
semi-balloon otter trawl with 4.45 cm (2 in.) stretch mesh in the
wings and body, and 1.27 cm (1/2 in.) stretch mesh liner in the codend

was used. For a detailed description of gear, see Musick, 1979.

On all cruises a stratified random sampling design was
incorporated such that the sampling areas were divided into strata,
whose boundaries were the 75 m, 150 m, 400 m, 1000 m, 2000 m and 3000
m isobaths. The 2000-3000 m depths were not sampled during CI-73-10.
The < 75 m stations were excluded from analysis in this study, as no
midwater fish species occurred at such shallow depths. CI-73-10
included 39 successful trawl stations between 87 and 1720 m. Midwater
fishes were captured at 30 of these stations, of which 4 were "water

hauls,” stations at which the net did not strike bottom but captured
pelagic species. During CI-73-10 this occurred at deeper stations

(1190 to 1876 m bottom depths, Fig. 1). GI-74-04 included 34



successful trawls between 78 and 2642 m, of which 31 hauls contained
midwater species. One "water haul”™ occurred at 1935 m bottom depth
(Fig. 2). Thirty-nine successful stations were completed during
GI-75-08 (85 to 3083 m), with pelagic fishes captured at 26 of them.
In addition, two "water hauls” were made at 1842 and 1943 m bottom
depths (Fig. 3). During GI-76-01, 41 stations were successfully
occupied from 83 to 2920 m. Twenty-eight hauls captured midwater
fishes. Two additional stations at 1910 and 2242 m bottom depths were

water hauls (Fig. 4).

Depths of stations were averages compiled from precision
echo-sounding recorder (PESR) traces. Depths were entered into the
log taken every three minutes from set to haul during 0.5 hr. tows
(stations less than 2000 m depth), and every six minutes during 1 hr.
tows (deeper than 2000 m). All pelagic fishes taken were identified,
counted, weighed (to nearest 0.1 g), and measured (mm standard or
total length). Specimens were fixed in a 107 seawater formalin
solution at sea, then washed out in water and transferred to either

70% ethanol or 40% isopropyl alcohol.



Figure 1. Trawl Stations, Cruise CI-73-10(Spring)
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Figure 2. Trawl Stations, Cruise GI~75-08(Summer)
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Figure 3. Trawl Stations, Cruise GI-74-04(Fall)
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Figure 4.

Trawl Stations, Cruise GI-76-01(Winter)

11
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PART 1

VERTICAL DISTRIBUTION PATTERNS OF THE

MIDWATER FISHES IN NORFOLK CANYON



INTRODUCTION

Distributional patterns of deep-sea pelagic fishes have proven to
be both complex and variable. In addition, depths below 1000 m have
been inadequately sampled due to financial and technical restraints.
Also, biases due to sampling gear and design make much of the existing

information difficult to interpret.

The mesopelagic zone, defined as including depths between
approximately 200 and 1000 m in oceanic waters (sensu Marshall, 1971)
has been the primary object of study of deep-sea fish distributions.
Generally, a picture has emerged that shows this zone as having well
stratified fish populations, whose species compositions and
distribution varies with changes in hydrography, season and time of

day (Badcock and Merrett, 1977; Hopkins and Baird, 1977).

Physical and biological parameters both play crucial roles in
determining spatial distributions. Many species of midwater fishes
have geographic (i.e. horizontal) ranges which are delimited by
various hydrographic features (Ebeling, 1962; Ebeling and Weed, 1963;
Backus et al., 1965; 1969, 1970, 1977; Robertson et al., 1978).
Vertically, however, there is little evidence to suggest spatial
conformity to hydrographic parameters. Badcock and Merrett (1977)
review this subject in detail, therefore, it will not be dwelt upon

here.

Light intensity at depth, and its' variability with season, time

of day, and sea surface conditions appears to be the main factor

14
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determining at least the upper depth limits of vertical distribution

(Marshall, 1971).

Biological factors such as size of fish, maturity, intra- and
interspecific competition may also determine distribution patterns
(both horizontally and vertically), and may be more important than

physical constraints (Badcock and Merrett, 1977).

It is obvious that there are many factors that must be considered
when examining vertical distributions of midwater fishes. Because of
a lack of data for many of the variables (e.g. D.0O., light
penetration), this section of the present study presents a general
description of the bathymetric distributions of dominant meso- and
bathypelagic fish species collected by an otter trawl over four
seasons in a small locale, the Norfolk Submarine Canyon and adjacent
continental slope area of the Western North Atlantic Ocean. These
collections were all made within the confines of the southern extreme
of the "Slope Water"” water mass (Ruzecki, pers. comm.). The species
examined comprised the dominant portion of the midwater fish
community, if community was defined as "a group of populations

co-occurring in time and space” (McNaughton and Wolf, 1979).

Catch-per—unit—effort (CPUE) for each species within defined
.depth strata (see Methods and Materials) was used to determine overall
depth of distribution and peak capture ranges for 23 dominant species
of fish. Apparent differences in CPUE with depth were analyzed for

statistical significance. Differences between day and night CPUE's
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were examined for the more abundant species. Physical parameters and
their possible influences on fish distributions were examined,

although no attempt was made to define regulatory mechanisms. Less

abundant species were briefly discussed.



METHODS AND MATERIALS

Data Analyses

For this study, the depth strata were redefined to fit the
conceptual habitat or zonation definitions that have been created for
pelagic fishes. Three main strata were recognized; the epipelagic
(75-200 m), mesopelagic (201-1000 m), and bathypelagic (below 1000 m).
These depths correspond to those presented by Marshall, 1971. The 75
m isobath was selected as the shallowest because it coincided with a
stratum boundary in the otter trawl sampling design (Musick, 1979),
and because it delimited the shallowest stratum in which midwater

fishes were found.

The meso—- and bathypelagic zones were each subdivided into three
sections in order to more clearly delineate any trends in fish
distribution. The divisions were; upper mesopelagic (201-500 m),
lower mesopelagic (501-750 m, 751-1000 m), upper bathypelagic
(1001-1500 m), and lower bathypelagic (1501-2000 m, > 2000 m). The
lower mesopelagic was divided into two subzones because several
bathypelagic species frequently occurred in the 751-1000 m range, and
the two subzones of the lower bathypelagic were created because no

stations were located > 2000 m during CI-73-10.

Otter trawl captures of pelagic fishes present at best a
semi—-quantitative data base. In addition, midwater fishes exhibit a
non-normal distribution pattern (Ebeling et al., 1970). For these

reasons, and because many species were captured in low numbers,

17
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non-parametric statistical analyses were used to determine vertical

distributions of species.

All raw catch data were converted to catch-per—unit—effort (CPUE)
exressed as specimens captured per 0.5 hr tow. Comparisons of data
sets among cruises (seasons) were able to be made directly because all
four cruises utilized nearly identical sampling apparatus, and each
followed the same sampling design. The mean CPUE's of all species
captured were pooled and tested for statistically significant changes
with depth strata within each season. Then, each depth stratum was

tested over the four seasons for significant differences in CPUE.

A second series of analyses examined essentially the same things
as above, but with respect to individual species. Only those species
characterized as "dominant” were selected for this analysis. For the
purposes of this study, dominance was defined as the occurrence of a
given species during all four seasons of the year. This definition of
dominance allowed for the inclusion of rare year-round species, as
well as those species whose frequency of occurrence varied widely

among seasons.

Both series of analyses were conducted using the Kruskal-Wallis
non-parametric test. This test ranks observations from lowest to

highest after pooling all groups and considering them a single sample.
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The statistic H (Sokal and Rohlf, 1969) was then calculated by the

expression:
n,
a + 2 a
H = 12 £ (z R -3 Gng + D)
a a n,
. (Zni)(Zni + 1)
where 2 ny; is the sum of %Pe sample sizes of the entire analysis (ni),

i
12 and 3 are constants, (R); is the sum of the ranks for the ith

group, and a represents the number of groups. The null hypotheses
tested in this study were that depth does not affect CPUE within a
cruise, and that CPUE within a given depth range does not change with
season. H is approximately distributed as chi-square (x2) with a-1

degrees of freedom.

In data where ties exist between observations, H must be divided

by the correction factor D, expressed as:
m
T,
J
a a a
X -
( n, l)Zni (Eni + 1)

m : .
where ZTj is the sum of tabled values T given for the number of

variates tied in the jth group of ties.

For the first series of tests (mean CPUE's of pooled totals all

species captured) the Kruskal-Wallis tests were calculated by hand.

Thereafter a Statistical Analysis System (SAS) program using an
NPARLWAY procedure, Wilcoxon option, was used. For multiple samples,

the Wilcoxon option performs the Kruskal-Wallis test. The probability
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level was set at p=0.1 (two-tail test) in order to discern any general
trends in CPUE change with depth or season. Highly significant
statistical differences were considered to have occurred at p<0.05
level for a two tail test. Although CPUE's were computed for all 23
dominant species, only 14 were subjected to computer analysis. The
remaining 9 species either had very small sample sizes, or were
restricted in their distribution to a single depth stratum.
Differences in abundance of individual species were tested for each
main depth stratum (75-200 m, 201-500 m, 501-1000 m, 1001-2000,

> 2000 m). 1If significant differences were found, then 501-1000 m and

1001-2000 m were subdivided into four substrata for further analysis.



RESULTS AND DISCUSSION

All Species

A total of 1,795 specimens, comprising 7 orders, 38 families, 57
genera, and 76 species of meso- and bathypelagic fishes was captured
during the four cruises. Table 1 presents a list of species, with

numbers of specimens captured and stations per cruise.

Examination of CPUE for each depth stratum (Table 2) revealed a
catch maximum in the lower mesopelagic (501-1000 m). Within this
depth range, CPUE was highest between 501-750 m in the spring, but
shifted to the 751-1000 m strata the other three seasons. If CPUE's
were pooled for all four cruises, the overall catch maximum remained
between 501-750 m, although it did not differ significantly from the

CPUE for 751-1000 m.

Kruskal-Wallis analysis of each season revealed that CPUE's did
differ significantly with depth strata. Spring, summer and winter
values were highly significant at p=0.05 (two—tail test), while fall
was marginally significant at .0l (Table 2). This marginal
significance was attributed to the reduced numbers of samples at the
75-200 m and 751-1000 m strata. When the 501-750 and 751-1000 m, and
1001-1500 and 1501-2000 m strata were joined to provide comparable
numbers of samples among strata, all four seasons showed highly

significant differences among CPUE's with depth strata.

21
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TABLE 1

LIST OF MESO-AND BATHYPELAGIC FISHES CAPTURED
AROUND NORFOLK CANYON WITH NUMBERS OF SPECIMENS AND STATIONS

73-10 75-08 74-04 76-01 TOTAL
SPRING SUMMER FALL  WINTER 116
ORDER-FAMILY SPECIES 28Sta. 28Sta., 31Sta. 31Sta. Sta.

Anguilliformes

Nemichthyidae Nemichthys scolopaceus™* 241(25) 28(11) 74(18) 27(12) 370(66)
Serrivomeridae Serrivomer Egggi;%x 12¢ 7) 5( 5) 15( 8) 6( 6) 38(26)
S. brevidentatus™ - 202) 2(2) 4( 3) 1¢ 1) 9¢ 8)
Derichthyidae Derichthys serpentinus” " 21712) 3¢ 3) 3( 3) 4( &) 31(22)
Nessorhamphus ingolfianusg™* 10( 7) 20 2)  4( 4) 14( 8) 30721)
Saccopharyngidae Saccopharynx flagellum 1( 1 1( 1)
Eurypharyngidae Eurypharynx pelecanoides™ 4(C &) 5(4) 2(2) 1( 1) 12(11)
Salmoniformes
Bathylagidae Bathylagus euryops® 1(1) 1( 1D 37 3) 3 2) 8C 7)
B. compsus(?) 2 1) 3(C 3) 1( 1) 6( '5)
B. longirostris 1( 1) 1(C 1) 17 1) 3( 3)
Alepocephalidae Xenodermichthys copei 1( 1) 3¢ 3) 2¢ 2) 6( 6)
Searsiidae Mentodus rostratus 1( 1) 1C 1)
Photichthyidae Polymetme corythaeola® 177 3) 2¢ 1)  1( 1) 12¢ 2) 327 7)
Gonostomatidae Gonostoma elongatum“* 137 9) 10( 7) 30(15) 22¢ 9) 75(40)
G. bathyphilum™ 5 50 3) 3( 3) 30 3) 15¢ 8) 26(17)
Cyclothone microdon™ 123( 8) 3( 2) 7( 5) 17 1) 134716)
C. braueri 17 1) 1¢ 1)
C. pallide 2( 1) 20 1)
Vinciguerria sp. 1( 1) 1( 1)
Sternoptychidae Argyropelecus aculeatus™ 9( 8) 57 5) 5¢ 5) 101) 20¢17)
A. gigas " 1 1)y 2¢ 2) 1 1) 4( 4)
Sternoptyx diaphana™™ 12( 6) 7( 6) 8( 6) 37 3) 30(21)
Polyipnus asteroides 7 3) 1( 1D 5( 4) 13( 8)
Maurolicus muelleri 266( 3) &( 2) 2( 2) 21( 4) 293711)
Chauliodontidae Chauliodus sloani™> 21(13) 3¢ 3) 17(11) 15(11) 56(38)
C. danae . 1( 1) 1( 1)
Stomiatidae Stomias boa ferox 24012) 8( 7) 44(16) 8( 6) 84(4l)
S. affinis 1/ 1) 1( 1)
Astronesthidae Borostomias antarcticus 1¢ 1D 1( 1)
Rhadinesthes decimus 1( 1) 17 1)
Melanostomiatidae Melanostomias spilorhynchus 20 2) 20 2) 4 4)
Echiostoma barbatum 1( 1) 1( 1)
Eustomias bigelowi 1( 1) 1( 1D
Trigonolampa miriceps 1( 1) 1( 1)

Grammatostomias flagellibarba 17 1) 1( 1)




TABLE l(cont'd)
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ORDER-FAMILY SEECIES SPRING SUMMER FALL WINTER TOTAL
Malacosteidae Photostomias guerr}ei"r 1( 1) 1( D 202y 1( L 5( 5)
Malacosteus niger” 5 4) 3C 2) 3(C 3) 2( 2) 13(11)
Myctophiformes -
Myctophidae Benthosema glaciale™™ 87(18) 19( 9) 28(1l) 5( 3) 139(¢41)
Lobianchia gemellari 1( 1) 2( 2) 1( D 4( 4)
L. dofleini 5¢ L) 5(3) 1( D 11(¢ 5)
Diaphus dumerilii 11( 3) 1(¢ 1) 12( 4)
Lampadena speculigera 1( 1) 1( 1) 2(¢ 2)
Ceratoscopelus maderensis™*  42(12) 6( 6) 29(15) 7( &) 84(37)
Lampanyctus macdonaldi*™ 1( 1) 10( 5) 6( 4) 2( 1) 19(11)
L. crocodilus 1( D) 2( 1) 1( 1) 4( 3)
L. ater 1( 1) 1( 1) 2( 2)
L. cuprarius 1( D 1( 1)
Lepidophanes guentheri 1( 1) 1( 1)
Gonichthys coccoi 1( 1) 1( 1)
Mvctophum affine 2( 2) 2( 2)
M. punctatum 1( 1) 1( 1)
Hygophum hygomii 4 4) 14( 4)
Notoscopelus resplendens 1( 1) 1( 1) 2(C 2)
Symbolophorus veranyi 1( 1) 1( 1)
Neoscopelidae Neoscopelus macrolepidotus 1¢ 1) 4(C 1) 5( 2)
Evermannellidae Evermannella balbo 1( 1) 1( 1)
Scopelarchidae Scopelarchus analis 1( 1) 1( 1)
Gadiformes
Zoarcidae Melanostigma atlanticum®* 14( 5) 30( 8) 7(5) 2(2) 53(20)
Lophiiformes
Melanocetidae Melanocetus johnsonii 1( 1) 1( 1)
Ceratiidae Ceratias holbolli 1( 1) 1(C D)
Cryptopsaras couesi 2(¢ 2) 2( 2)
Beryciformes
Melamphaidae Scopelogadus beanii®* 10( 5) 18( 9) 27(10) 13( 7) 68(31)
Poromitra capito 1( 1) 1( 1)
P. crassiceps 1(L 1( 1) 1( 1) 3¢ 3)
Scopeloberyx opisthopterus 10( &) 2( 1) 10( 2) 22( 7)
S. robustus 1( 1) 2(2) 1( 1) 4( 4)
Melamphaes suborbitalis 1( D) 1( 1)
Anoplogasteridae Anoplogaster cornuta 1(.1) 1( 1)
Rondeletiidae Rondeletia loricata 1( 1) 1( 1) 2( 2)
Cetomimidae Cetomimus gilli 1( 1) 1 1)




ORDER-FAMILY

TABLE l(cont'd)

SPECIES SPRING

24

SUMMER FALL WINTER TOTAL

Perciformes
Chiasmodontidae

Gempylidae

Trichiuridae

Chiasmodon sp.A

Chiasmodon niger 3C 2)

Promethichthys prometheus

Nesiarchus nasutus

Benthodesmus simoyi 2( 2)
B. atlanticus

1( 1) 1( 1)

2( 2) D

1( 1)

2( 2)
3( 2)
2( 2)
1¢ 1)
2( 2)
1( 1)

-Stations in parentheses; no. of specimens and stations

*-Year-round resident (dominant) species.,

*¥%-Numerically abundant dominant species.

include water hauls.



*23eivdasS

-PoUTqUOd BIBAIS 1939W 00Z-TOST ©00ST-TOOT pue

1 u 1

(3

[}

[

1

I

i

1)

“ (q

‘000T-TGZ “0GL-TOS UITA onTea sTITTeM-TeysnIY (B

(393 T1EI-OML) GO'Q 1B JUEDTITUBTS ATUSTH - %%
(3593 TTE3I-OMT) T°0 3I® JUBDTITUBTS -
SMOY "IY G°(Q O3 P3IIDAUOD S3INTBA - +

T°¢4(9 sanTep
HHQ.NNAG sTTTeM-Teysnay
£'C L€ 91 000z <

+
9'8 GST 81 000C-T051T
T°6 64T 11 00ST-TOOT
8°¢T 122 7T 000T-T8L
g 81 LLg 0z 0S4 -T08
67§ <07 6§ 00§ -TOT
5L 67 6€ 00T -SL

ando *dadgroN ‘3elSTON

11V
««o.mﬁﬁm ¥H.¢HAQ *«H.mmﬁﬂ *«o.oHAa sanTep
: ‘ . . STTTEM~-TEYNSNI
e LT(e sl €T(e I 8z (® 220 ST(® ‘ ITTeM-TEYSNIY
STN0TTLSUT o1 9 +EE € S +£°C 134 9 000z <
*S°N 9°0 6 LS 4 rARAN €L 9 9%y ¥4 S - - 000Z-T0ST
‘SN 6°'T
‘S°N 0°% 0°L 1T € 011 €e € €°¢ 91 € 0°¢T 0€ 4 00ST-T00T
‘SN 6°9 611 9y i G 8T LS 4 (AR AN 'V q (A Y4 €6 i 000T-TSL
6°6
** 08 LS L1 € 0761 0zT 8 €6 8t € €°5¢ 71z 9 0SL ~T0S
‘SN BT LT LT 01 0'S 0€ 9 €1 6 L 9° 11 6€T T 00s ~T0¢T
*S'NT°0 1T (A 1T 3T L Vi [ 4 T 8°2¢ €LT 1 00¢ -SL
ando +03dg ON *3IBIS°ON q0dd *09dG°ON ‘331G ON q0dD *oadg ON <3B3S°ON q0dD <oadg*ON *3IB1§°ON Enjeils
sanTep yidaq
STIeM I33UTH TTed Jaumng Butadg
Teysniy : ;

(QEan1oXa STAVH YALVM WOYd SNAWINAJS) TIVHIAO ANV NOSVAS HOVH ¥0d VIVMIS HIJAQ X8 (*Iy ¢-Q/suswydads ‘ON) HNID “Z HI4VL



26

Comparison of each depth stratum over the four seasons (Table 2)
revealed that significant differences in CPUE occurred only in the
lower mesopelagic (501-1000 m), p=.05 for two-tail test. Analysis of
the individual 501-750 m and 751-1000 m subdivisions showed that only
the former differed significantly with the season, p=0.1 (two-tail

test).

An item worthy of note with respect to seasonality was the
fluctuations of catch over the seasons. The peak CPUE at most depths
occurred in the spring. The CPUE then dropped to quite low levels
during the summer, rose again in fall, and dropped in winter. This
spring—-fall increase in fish abundance parallels the
phytoplankton-zooplankton blooms, of which the larger is during the
spring (Raymont, 1963). The relationship between these patterns may

be direct, indirect, or simply fortuitous.

The high CPUE in the uppermost (75-200 m) depth range during

spring was due to a catch of 249 individuals of Maurolicus muelleri.

The CPUE in this stratum normally was quite low, because the 200 m
contour approximates the shelf break, which has been long been
recognized as an area of sharp faunal change (Raymont, 1963 for
plankton; see Musick, 1976 and citations therein for benthos).
Although several species of midwater fishes were found to associate
with the shelf break, no species was regularly found shelfwards of the

100 m isobath.
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The CPUE values for spring and summer, after accounting for the
high 75-200 m value, both showed a rapid rise to peak catch rates
(501-750 m in spring, 751-1000 m in summer) followed by a steady

decline, i.e., unimodal catch peaks.

Fall and winter values however, showed bimodal peaks (Fig. 5).
There was a principal peak in the 751-1000 m stratum and a lesser one
between 1501-2000 m. This was attributable to the increased presence
of bathypelagic species during the fall and winter seasons in this
stratum. Ten species of bathypelagic fishes were captured each season
during fall and winter, as compared to 4 and 6 species in the spring

and summer respectively.

The change in patterns of abundance in the 501-1000 m stratum as
indicated by the significant difference in CPUE within and among
seasons was difficult to correlate with any existing physical data for
the Norfolk Canyon area. Temperature, salinity and dissolved oxygen
data taken in Norfolk Canyon area (Ruzecki, pers. comm.) and also
examined from Deepwater Dumpsite 106, a region over the slope to the
north of Norfolk Canyon (Warsh, 1975) revealed that the density
gradient formed by the permanent thermocline, and the oxygen minimﬁm
layer remained around 300 m throughout the year. Jahn (1976) also

presented data supportive of this.

Light may partly account for this peak concentration of fishes.
Many midwater species are known to maintain certain depth levels in

response to ambient light levels, and adjust their depth with
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Figure 5. Catch-per-unit-effort (CPUE) in specimens/0.5 hr. by season
within each depth stratum (bottom depths)
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fluctuations in illumination (Kampa, 1970). Penetration of light in
the deep-sea at levels detectable by midwater fishes can occur to
depths greater than 1000 m in the clearest waters (Clarke, 1970).
Attenuation of light can readily occur in water with high particulate
loads of both a biological (animate and inanimate) and non-biological

nature, causing large fluctuations in depth of penetration.

Thus it may be that in spring, when the major phyto- and
zooplankton blooms occur, much of the downwelling light is blocked, so
that fishes move to the shallower strata to maintain themselves at
some particular isolume. In summer, fall and winter, when light
penetration is greater (due to increased sunlight in summer, and
decline in plankton for all three seasons), species descend. This is
most pronounced in the winter, when water is clearest due to low

particulate (i.e. plankton) loads (Raymont, 1963).

A biological factor which may play a role in the peak CPUE
between 500-1000 m is the vertical distribution of zooplankton.
According to Raymont (op. cit.) and Vinogradov (1970), in the
northwest Atlantic Slope Waters (ca. 39°N, 65-73°W), a plankton
biomass maximum exists, independent of seasonal fluctuation, at about
600 m (800 meters in the Gulf Stream) due to the transport of northern
plankters at depth in the intermediate waters. Fish species may

congregate in the depths around this potentially rich prey source.

Of the fish groups represented in this study, several were

important, being numerically dominant at various times of the year.
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Salmoniform and myctophiform fishes contributed heavily to the
catches. Salmoniform fishes comprised 46.07% of the total catch for
all seasons (Table 1). The myctophiforms comprised 17.1% of the total
catch. Anguilliform fishes also were well represented, amounting to
27.3%Z of the total, and including all known midwater eel families
except the Cyemidae and the Monognathidae. It is probable that this
large contribution was due to the greater catch efficiency of the
large otter trawl when compared to smaller midwater trawls, but may
also in some measure be the result of increased availability of eels
in the slope area, or possible increased frequency of occurrence of

eels near-bottom.

The beryciform, gadiform, lophiiform and perciform contributions
were low, 5.7%, 3.0%, 0.2%, and 0.67Z respectively. These are typical
percentage returns and are due to two factors: first the number of
pelagic species in the gadiform and perciform families is low (only 1

species, Melanostigma atlanticum represents pelagic gadiforms); second

the beryciform, lophiiform and perciform representatives are largely
deeper dwelling or, in the case of the latter family, very rapid
swimmers. Thus, incomplete sampling of habitat or escape may have

caused low catches.

Dominant Species

According to the definition presented in the Methods and

Materials section, a total of 1,632 specimens from 5 orders, 21 genera
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and 23 species, were classified as dominant members of the pelagic

fauna (Table 1).

The 23 dominant species represented 90.9% of the total catch for
the four seasons. The 12 most frequently captured (captured at a
minimum of two stations per cruise, Table 1) species comprised 65.07%

of the dominants (59.1% of the total catch).

The results are presented by species according to the taxonomic

scheme of Nelson (1976).

Order - Anguilliformes
Suborder - Anguilloidei
Family - Nemichthyidae

Nemichthys scolopaceus

Nemichthys was the most abundant species captured during all

seasons. Although 266 Maurolicus muelleri were taken during the

spring as opposed to 241 N. scolopaceus, Nemichthys was taken at 25

stations, as opposed to 3 stations for Maurolicus. A total of 370
specimens was captured, of which 241 were taken in the spring, 74 in
fall, 27 and 28 in winter and summer respectively. Of these totals,

16 specimens came from water hauls (14 spring, 1 summer, 1 fall).

Nemichthys appeared to conform to the spring—-fall abundance
pattern noted in general for all species. Beebe and Crane (1944)
noted that although they sampled April through September off Bermuda,
half their specimens were captured in September. However, Bengston

(1973; pers. comm.), found no appreciable changes in
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catch-per-unit—-effort with season in the Bermuda Ocean Acre study

areae.

Examination of catch per unit effort data (Table 3) showed that

N. scolopaceus was ubiquitous throughout the depth strata, although

over 90% of the specimens occurred where the mesopelagic zone
(201-1000 m) intercepts the bottom. The highest CPUE occurred within
the 501-750 m spring through fall but was found in the lower
mesopelagic (751-1000 m) in winter. Also, Nemichthys appeared to
avoid the upper water layers (75-500 m) in summer, when plankton

levels were low, and illumination levels were probably high.

Differences among CPUE's per depth stratum were highly
significant (x2 = 22.2, p<.0005; x2 = 13.2, p<.0395; x2 = 12.2,
p<.0569, df = 5) during the spring, fall, and winter seasons
respectively, but only marginally so in summer (x2 = 10.4, p<.1071,
df = 5). This lower significance in summer was attributed to the
relatively even CPUE in the two lower mesopelagic strata. There was
also a statistically significant difference among seasons in the
501-750 range caused by the sharp decline in winter catches

(x2 = 8.3, p<.0397, df = 3).

In the lower depth stratum (>1501 m) there was a slight increase
in CPUE at the 1501-2000 m strata spring through fall. This was more
heavily reinforced if water haul samples were included. Leavitt
(1935, 1938), conducted discrete depth sampling for 300 zooplankton to

great depths (3000 m and deeper) in Slope Waters and consistently



*ATuo0 suoseds € - ++

‘say ¢'(Q/suswuroads 03, palioauod IALD -

3 *sordues ney 193em JuTpnioUT SUOTIBINDTED dJousp saseyjueied uT sIaquny
(0°00T1)0°001 - (0L€)%se sTe3o]
(6"T )0°¢ #7°0 L 10002 <
(8°9 )¢ *1)L°0 (62 )¢ 000Z-10S1
L'z et (6°0)s°0 (01 )9 00ST1-T001
(0°€T )0°%e 1°9 g 0001-16L
(S°L% )L 6% 8°8 9,1 0SL -10S
(8°LT )9°81 6°1 99 00S -102
(€70 )eg*o 1°0¢ 1 00T -S¢
'EETR) ndD 9adg oN
12301 9
11V
6°66 - LT (1°001)0°00T - (wL)eL (0°001)6°66 - (82)L7 (0°001)0°001 - O CTAYEA4 sTe30]
(v*'s )s'g %7°0 Y (L*0T )T°11 ¥€°0 € - - - 000Z<
v L S0 14 (s 1ty (9°0)s°0 e (L°01 )¥°L (s 0)v°0 (€ )z (9°9 )9°¢ (0°%)0°¢ (91 )9 000Z-10S1
vL L0 z %1 w1 €0 1 9*¢ e €°0 1 (6 )6°0 (0°2)0°1 (9 )zt 00S1~1001
1°8Y AR €1 (zrz1 )eta Sy 6 (1°2€ )e“ee AR 6 (CARA AT ¥ S°¢el %G 0001-16Z
%L L0 z (299 )1°49 1°9 6% (6°2% )y vy 0°Y 71 (6°9y )8*6¥ 8°81 €11 0GL -10S
9°67 80 8 (1°8 )z's 0°'1 9 (9°12 J)6°CC €y 49 00§ -102
(CA DL AN z°0 1 00T -S.
EEEER) ando *oadg -oN yo3aed ando *03ds *oN ys3ed ANdD ‘oadg *oN yoje) INd0 “5adg *oN RELEET
18301 9% 18307, 7% 1e30% % 1B30L 9% yadaq
I2JUTM T1Bd aaumng 3utads

*(*1y ¢*0/°o2ds) gndD uo peseq SNoOEdOT0DS SAUIYOTWSN JO SUOTINGTIISTP TBOTIIIA

°¢ °T1qBL



35

found two plankton abundance maxima which were independent of sample
bias: a primary maximum at ca. 800 m, and a second smaller maximum
between 1400-1600 m. Between the depths of 1200 and 1400 m a plankton
minimum was noted. It may be that the distribution of Nemichthys and
those of other species to be discussed correspond vertically to these

plankton maxima.

The depth information presented here is in agreement with those
few works that have been done on Nemichthys. Roule and Bertin (1929)
concluded that "Nemichthys occupies a considerable vertical expanse of
marine waters but the majority are found above 1000 meters." These
captures were primarily in the tropical region of the North Atlantic.

Beebe and Crane (1944) found that N. scolopaceus occurred between 1000

and 2000 m off Bermuda, but noted small specimens much shallower in
the water column (bathysphere observations). Bengston's (1973)
discrete-depth data indicated the bathymetric range of juveniles (the
largest size class caught) was from 50 m to below 1200 m in the
Bermuda area. Nielsen and Smith (1978) while not providing any data,
stated that whereas snipe eels have been taken to below 2000 m, "It
would probably be more correct to call them mesopelagic than

bathypelagic."”

The specimens captured ranged from juvenile through adult stages,
based on Bengston's (1973) classification. Adult males were not
captured at any time. Recent captures of ripe male Nemichthys over
the Blake Plateau area (Musick, unpub. data) may point towards a more

southerly spawning ground than Norfolk Canyon. Bengston (pers. comm.)
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noted that the Ocean Acre specimens he examined were all larval
(postlarvae) through juvenile stages. Metamorphic specimens and
juveniles tended to occur deeper (700-900 m) while coefficients of

dispersion showed postlarvae to be highly clumped in the epipelagic.

The CPUE was also examined by season for day-night differences
(Table 4). Nemichthys showed an increased number of speciméns per 0.5
hr. at night in shallow waters in spring and fall, which were the two
strongest data sets. From this it appeared that limited diel up-slope

migrations may have occurred.
Family - Serrivomeridae

Serrivomer beanii

The second most abundant eel in the Norfolk Canyon area was S.

beanii, with a total of 38 specimens captured.

This species apparently was bathypelagic in the study area
because CPUE analysis (Table 5a) showed it to occur primarily in
strata below 1000 m, although one specimen was taken in the fall where
the bottom depth was approximately 700 m. However, some of these data
were from water hauls occurring in deep waters. Because of the low
numbers of specimens, Kruskal-Wallis analyses showed no significant
difference in CPUE within or among seasons, although CPUE in depth
stratum 5 (1501-2000 m) approached statistical significance among

seasonse.
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As with Nemichthys, mostly juvenile through adult specimens,
according to Tighe's (pers. comm.) classification were captured.
Twenty—-four specimens examined for food habits (next section) ranged
from 249-724 mm T.L. Specimen captures occurred most often in spring
and fall, although there was no marked difference between catch rates
for these seasons. The shallowest captures (ca. 700-950 m) were of
specimens of smaller size. Analysis of mean specimen size with depth

strata revealed a larger—deeper trend for S. beanii (501-750 m,

X = 400.0 mm T.L.; 751-1000 m, X = 429.5 mm T.L.; 1001-1500 m,
X = 437.6 mm T.L.; 1501-2000 m, X = 488.5 mm T.L.; >2000 m,
X = 515.8 mm T.L. Distribution of smaller, younger specimens is known

to be shallower (Tighe, pers. comm.).

The apparent distribution pattern found for S. beanii in the
present study is well supported by other studies to date. Roule and
Bertin (1929) noted that 60% of the Serrivomer species caught (both

beanii and brevidentatus) were taken with 1000-3000 meters of wire out

(equivalent to approximately 500-1500 meters depth fished), while
another 327 were captured with more than 3000 mwo. Beebe and Crane
(1936) determined that the mean depth of capture ranged from 550 m for
adolescents to 800 m for adults. Tighe (1975), using discrete depth
IKMT data from Bermuda Ocean Acre noted that "juveniles were
concentrated at depths of 550-1000 m with the greatest
concentration... at 601-650 m during the day and 951-1000 m at

night..., Comparisons of cumulative-size frequency curves indicate
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that larger S. beani (sic) occur deeper in the water column both day

and night.”

The center of distribution for Serrivomer beanii appears to be

southwards of Norfolk Canyon, as both Beebe and Crane (1936) and Tighe
(pers. comm.) found it to be quite abundant in the Bermuda area. Jahn
(1976) noted that S. beanii occurred in both Slope Water and Gulf
Stream areas, but appeared to be slightly more abundant in Slope

Water.

Analysis of CPUE for day-night differences showed no apparent
trends. Although Badcock (1970) presumed Serrivomer to be a strong
migrator, Tighe (1975) indicated that there is no evidence for this
based on his Ocean Acre samples, and suggested Badcock's
interpretation may be due to contamination of shallow hauls from

earlier, deeper tows.

Serrivomer brevidentatus

Serrivomer brevidentatus was a rare year-round species. Only 9

juvenile to adult (247-635 mm T.L.) specimens were taken throughout
the sampling period. The distribution of this species was similar to
that of S. beanii in that it appeared to be bathypelagic (Table 5b).
Comparison of mean depths of capture for both species however, showed

that S. brevidentatus was found deeper than S. beanii in the strata

where they co-occurred except for the winter, when only one specimen

of S. brevidentatus was taken (Table 6).
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Beebe and Crane (1936) and Tighe (1975) both noted the apparent
deeper distribution pattern for this species. In addition, both
commented on its rarity. This fish may be nowhere common in the North
Atlantic, or it may have a much deeper center of distribution than is
commonly sampled. Marshall (1954) interpreted the difference in
abundances between these two species of Serrivomer to be the result of

competition.

Family - Derichthyidae

Nessorhamphus ingolfianus

This eel also appeared to be common in the Norfolk Canyon area
because 30 specimens were captured over the four seasons. Although
capture data was scanty, CPUE indicated this species to be a lower
mesopelagic inhabitant, found primarily between 751-1000 m most of the

time (Table 7a). The availability of Nessorhamphus was highest in the

spring and winter seasons. For these periods Kruskal-Wallis analyses
showed that CPUE within seasons approached but never reached
statistically significant levels. No significant differences were

noted among seasons.

Sedberry (1975) hypothesized that N. ingolfianus may occur

regularly near the bottom in the slope area because it is often taken
in otter trawls. This species is a rare constituent of the catch of
midwater trawls (pers. observation) and Beebe (1935a) noted that

Nessorhamphus "is rare among the deep—-sea fish captures off Bermuda,
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only once occurring every 52.5 nets drawn between 400 and 1000

fathoms..."

Beebe's findings indicate that Nessorhamphus spawns in spring and

early summer, in the Sargasso Sea area, with metamorphosis of young
occurring at depth from August to October. This may account for the

virtual absence of N. ingolfianus in the study area during the summer

(September cruise).

The small amount of data available on day-night movements

indicated no migratory activity.

Derichthys serpentinus

Thirty-one specimens of this species, all of which appeared to be
maturing to mature adults (T.L. range 170-270 mm, n = 18), were taken
during the sampling periods. A highly significant difference in CPUE
with depth was noted in the spring, the season of peak availability

(Table 7b) (x2 = 17.63, p<.0034, df = 5).

The vertical range of D. serpentinus strongly overlapped that of

Nessorhamphus. The two frequently were found in the same trawl hauls.

Derichthys however, showed a significantly different CPUE in the
501-750 m strata with season (x% = 7.5, p<.0567, df = 3). As with N.

ingolfianus, this species appeared to be an inhabitant of the lower

mesopelagic zone. Presumably, as its morphology and frequent
appearance in otter trawls indicate, it may occur near the slope face

on a regular basis as Sedberry (1975) suggested for Nessorhamphus.
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Beebe (1935b) found Derichthys occurred at similar depth ranges,

and with nearly equal frequency as Nessorhamphus off Bermuda. Castle

(1970) reported that Derichthys is very widespread geographically, but
probably is nowhere common. His findings also indicated the probable

spawning locale as somewhat south of Bermuda.

Suborder - Saccopharyngoidei
Family - Eurypharyngidae

Eurypharynx pelecanoides

Eurypharynx appeared to be a common constituent of the deep

bathypelagic zone around Norfolk Canyon. It occurred regularly in the
nets throughout the study period, although total catch figures were

quite low.

Some references to this species (Marshall, 1954, Idyll, 1964)
suggested that it is an inhabitant of the deep bathypelagial, but
presented little data. Grey (1956), stated that the center of
distribution in the western Atlantic lies between 1400-2800 m. Jahn

(1976) noted that Eurypharynx was much more abundant in Slope Water

than Northern Sargasso Sea water in samples to 1000 m depth.

The distribution of specimens taken in Norfolk Canyon showed a
strong similarity to Grey's (1956) depth analysis (Table 8).
Examination of CPUE shows that the majority of specimens occurred at
1501 m and deeper. However, two of the larger specimens (ca. 550 mm

T.L.) were captured at much shallower stations (742 m in spring, 906 m
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in summer). This is of interest as Bohlke (1964) indicated that

gulper eels appear to be poor swimmers.

It has been suggested that Eurypharynx may occasionally occur

near bottom (Marshall, 1954) based on stomach content evidence. This
idea is supported by the results of the food habits section of this
study (see next section).

Order - Salmoniformes

Suborder - Argentinoidei
Family — Bathylagidae

Bathylagus euryops

Little can be said for this species other than it was a rare
member of the community in the study area (a total of 8 specimens
captured), occupying the mid- to lower bathypelagic zone (general
depth of capture below 1400 m). One 108 mm S.L. specimen was taken at
approximately 900 m. This species was tentatively identified as B.
euryops following Cohen (1964). The bathylagids however, remain
taxonomically confused because of their fragility and lack of
specimens (Cohen, pers. comm.), therefore the identification of the

specimens is tentative.

Cohen (1964) noted that B. euryops (identified as B. benedicti)
occurred from 700-1800 m off Bermuda, but that northern Bathylagus
occurred between 500-1500 m. This coincided in part with the findings
of this study. Deeper extension of the range however, could have been

due to deeper sampling.
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Suborder - Stomiatoidei
Family - Photichthyidae

Polymetme corythaeola

P. corythaeola was represented by 32 specimens. It appeared to

be a species which occurred in low to moderate abundance, as the depth

stratum it inhabited (201-500 m) was heavily sampled.

Polymetme was an upper mesopelagic fish in the study area. All
but one capture came from the 201-500 m stratum, at an average depth
of about 300 m. The single capture outside this stratum came from
600 m. The largest numbers of specimens, 17 and 12, occurred in
spring and winter respectively; perhaps this species responded to

cooler water temperatures.

Grey (1964) reported this genus as benthic, because no records of
midwater captures exist. It is difficult to accept this, in view of
the morphology of the body and jaws, which strongly resemble Gonostoma
elongatum and other Gonostoma species and Gonostomatid genera.

Indeed, this species was placed in the Gonostomatidae for many years
until Weitzman (1974) considered them sufficiently aberrant to be
separated along with several other genera in a new family, the
Photichthyidae. It is more probable that this is a "pseudooceanic”
(sensu Nafpaktitis, et al., 1977) or "pseudopelagic™ species (sensu
Baird, 1971), occurring in close proximity to the bottom, near the
shelf break area. Depth of distribution, agrees well with Grey (1964)

who stated "They inhabit shallow depths, usually about 300-500 m.’
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Day-night capture information revealed that the specimens were
taken only at night. The reason for this cannot be determined until

more work has been done on this species.

Family - Gonostomatidae

Gonostoma elongatum

The fifth most abundant species of midwater fish captured around
Norfolk Canyon was G. elongatum with a total of 75 specimens ranging
from 80-280 mm S.L. Analysis of CPUE data indicated that this species
had a broad depth range, inhabiting all but the shallowest stratum
(75-200 m) throughout the year. Peak catches were generally in the
501-750 m range, spring and summer, and shifted to 751-1000 m in fall
and winter (Table 9a). The CPUE differences among depth strata within
a season was significant at p = 0.1 (two-tail test, x2 = 9.9, p<.0783,
df = 5) for the spring cruise, while significant differences among
seasonal CPUE were found in depth stratum 4 (751-1000 m), also at

p=0.1 (x2 = 6.4, p<.0938, df = 3).

Gonostoma elongatum is geographically a widely distributed

species, but is perhaps most common in the western Atlantic (Grey,
1964). Jahn (1976) noted that it appeared equally abundant between
Slope and Sargasso Sea water masses. Krueger et al. (1975) reported
it to be the "most abundant mesopelagic predator" in their study area,
Deepwater Dumpsite 106, over the continental slope to the north of

Norfolk Canyon (ca. 38-39.5°N, 71-73.5°W). They also stated "Both



53

larvae and adults are present, and this species undoubtedly spawns in

the Deepwater Dump area.'

Grey (1964) indicated that principal captures occurred below
500 m, and theorized two areas of concentration, between 300-1100 m
and 1400-1700 m. She listed two discrete captures, 1200 m off
Bermuda, 850-950 m off S. Africa. Krueger and Bond (1972) examined
Bermuda Ocean Acre material and showed evidence for extensive vertical
migrations, with daytime captures between 600 and 1000 m, and night
captures between 50-350 m, with larger individuals deeper. Clarke
(1974) found a similar pattern off Hawaii, a 560-725 m concentration
by day, rising to 60-265 m at night. Krueger and Bond (1972)
concluded that a portion of the population does not undergo migration,

whereas Clarke (1974) suggested non—-migratory habits for adults.

The findings of the present study agree with these earlier
results. Both the shallow and deep concentrations noted by Grey
(1964) were indicated by capture data of G. elongatum in spring and

summer.

Krueger and Bond (1972) suggested a late spring (June) and summer
spawning period for G. elongatum off Bermuda. This may account for
shallower occurrence of the species during these months in the present

study area.

Day—night capture data showed little evidence of migratory
activity. This may be due to the capture of mostly adult specimens,

which probably do not undertake migration (Clarke, 1974).
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Gonostoma bathyphilum

This species was a common year—round member of the bathypelagic
fauna, and was represented by 26 specimens taken at 17 stations.
Except for the capture of 2 specimens from about 700 m in winter (both

taken at night), G. bathyphilum was captured in the 1501 m and deeper

strata (Table 9b). Although no significant differences in CPUE were
found within or between seasons. The number of specimens captured in
the winter, increased three—fold over the next highest capture season
(spring). It may be that this increased availability resulted from an

upslope migration of G. bathyphilum in winter.

Depth of capture information agrees well with published accounts.
Grey (1956, 1964) noted that the species is more common below 2000 m
than above, and further stated, "The reduction in number and the
rudimentary nature of the photophores, as well as the absence of a
swim bladder, are correlated with depth of habitat.” Krueger and Bond

(1972) captured 9 specimens at depths between 1200-1900 m off Bermuda.

Although the shallowest specimen captures were at night, not
enough data were available to delineate day-night trends. Diel
migration would not be expected for a bathypelagic species (Marshall,

1954, 1971).

An increasing size with depth trend was noted for this species.
The mean size for the two specimens taken at 700 m was 111.5 mm S.L.
However, from 1501-2000 m, X = 138.7, 2001-2500 m; X = 148.5, and

2501-3100 m, x = 153.5.
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Cyclothone microdon

This species also occurred primarily in and below the 1501-2000 m
depth stratum, although several specimens were taken in shoaler waters
(ca. 501-750 m) in the spring. Generally, abundances were low except
in the spring. Of 134 total specimens, 123 were taken during spring
sampling. The “rarity" at other times of the year may have been due
to overlooking their presence in the net. Cyclothone frequently
"hangs up” in great numbers in the wings, and may easily be overlooked
(or ignored) if the meshes are not carefully and thoroughly examined.
Cyclothone are quite abundant throughout the world oceans, as noted by
many accounts (e.g. Grey, 1964; Mukhacheva, 1964; Badcock, 1970;
Krueger and Bond, 1972; Kobayashi, 1973; Krueger et al., 1975, 1977;

Jahn, 1976; Badcock and Merrett, 1977).

C. microdon appears to be the most abundant species of the genus
in slope waters (Jahn, 1976, Krueger et al. 1977). This abundance may
however be biased because this species is one of the largest of the
genus attaining a size of >60 mm S.L. Other abundant, but smaller

species may have escaped through the net meshes.

Kobayashi (1973) listed a maximum abundance of C. microdon taken
by Dana expeditions as lying between 1500 - 1599 m with most of the
population at 800 m and deeper. He also noted a lack of vertical
migration for this species. The depth information in published
accounts agrees well with the present findings, however, data was too

Scanty to speculate on vertical migration.
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Family - Sternoptychidae

Maurolicus muelleri

Maurolicus was represented by a total of 293 specimens. Of
these, 266 were taken during the spring of which 249 came from a
single station at 123 m. This species exhibited a very narrow depth
range, mostly between 100-300 m. One specimen was taken during the
fall at a 700 m station and may represent a contaminant from an

earlier station.

This species has been repqrted to be an inhabitant of near-shelf
waters (Okiyama, cited by Krueger et al., 1977) and appears to have a
"pseudoceanic” distribution. Grey (1964) reported specimens from deep
trawls, but stated that "The species probably does not normally
descend far below 300-400 m."” She also noted that it often occurs in
tremendous schools near the surface. Jahn (1976) found Maurolicus to
have a strong preference for Slope Water. Musick (1973) included this

species as a permanent year-round resident in the Gulf of Maine.

M. muelleri was the shallowest regularly caught midwater species
in this study, and was assigned to the upper mesopelagic group. All
captures of Maurolicus occurred at night, as with Polymetme

corythaeola, a species of apparently similar habits. In addition, the

most frequent captures were spring and winter.
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Argyropelecus aculeatus

A. aculeatus was one of the less common dominant species. Only
20 specimens ranging from 33-83 mm S.L. were captured. Krueger et al.
(1977) captured 27 specimens 11-56 mm S.L. around Deepwater Dumpsite
106, and included this species as a "spawner"” in that area. Its

rarity around Norfolk Canyon may point to a center of distribution and

spawning area outside the study area.

The capture data for this species among bathymetric strata
presented an anomalous pattern that was difficult to interpret. Table
1 shows that this species was most abundant in spring and steadily
declined in numbers summer through winter. Table 10a indicates that
the distribution appears to be split into a shallow (201-750 m) and
deep (>1000 m) group. There was no significant difference in CPUE

with depth or season.

Published accounts (Baird, 1971; Badcock and Merrett, 1977)
showed A. aculeatus to be an upper mesopelagic form whose center of
distribution was around 200-550 m by day with upward migrations to
50-200 m at night. It has been captured by dip net at the surface at
night (pers. observation). The deepest record for the species is ca.

1000 m.

It is difficult to interpret the capture of 14 out of 20
specimens in the deeper stations. A rarely sampled part of the
population may occur at depths >1000 m or the species may avoid the

shallower strata where their usual bathymetric habitat impinges on the
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slope. A trend for decreased mean size with depth was noted, although
sample sizes were too small to draw any conclusions regarding this

point.

Sternoptyx diaphana

Sternoptyx was represented by 30 specimens taken mostly in the
lower mesopelagic in the study area. The species abundance remained
relatively constant over the seasons except during the winter when it
declined sharply. CPUE data (Table 10b) showed fluctuating
availability with depth which was not significant. No significant

seasonal trends were observed.

Baird (1971) gave a depth range for this species of 400-1200 m
with peak concentrations between 700-900 m, and no evidence for
vertical migration. This is supported by the results of this work.
Again, however, there appeared to be a deeper dwelling or more oceanic
contingent for whose presence there is no explanation. The narrow
range of sizes (26-34 mm S.L. except for one specimen 44 mm S.L.)
suggests a single year class was present in the canyon area at all
times. Perhaps only juveniles or sub—adults inhabit the canyon
region. Krueger et al. (1975) present evidence for Sternoptyx
diaphana spawning populations to the north. Jahn (1976) noted a
slight increase in abundance this species in the Northern Sargasso Sea

waters, as compared to Slope Waters.
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Family - Chauliodontidae

Chauliodus sloani

This is the seventh most abundant dominant species of the study
area, with 56 specimens captured. The fact that no specimens were
less than approximately 100 mm S.L. suggests that this species is
recruited to the study area although it may spawn near Norfolk Canyon.
Kruskal-Wallis analysis of CPUE revealed no significant differences
within or among seasons. However, certain trends were apparent (Table
lla). Specimen capture was relatively even except for the summer when
a large drop in numbers was noted (Table 1). The only report of
spawning for this species (Clarke, 1974; off Hawaii) indicates a
spring-summer activity. Perhaps C. sloani migrated out of the study

area for spawning purposes in the summer.

Specimen captures were generally from deeper waters. Only one
specimen was collected above the 751-1000 m depth stratum. The
majority of specimens occurred in the lower mesopelagic and upper
bathypelagic (1001-1500 m) strata. This deep displacement of the

population may be to avoid competition with Stomias boa ferox another

common predator whose depth range overlaps C. sloani (see Feeding

Habits section for full discussion).

Morrow (1964) listed the vertical range of this species in the
Western North Atlantic as 1000-1800 m during the day, with extensive
vertical migration into the upper 800 m at night. Badcock (1970) also

noted this migration pattern but set the upper day depth at 500 m.
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Clarke (1974) located it between 450-825 m by day, and 45-225 m at
night off Hawaii, but noted that larger specimens (>120 mm) stayed
below 600 m by day and 175 m at night. In addition, he collected very
few large fish (>185 mm) whereas nearly 607 of the specimens taken in

this study were >185 mm S.L.

This larger-deeper phenomenon was earlier reported by Ege (1948)
in his monograph on Chauliodus. He noted "...we notice at once, that
the larger specimens from a length of 100 mm, were not taken with less

wire out than 300 m, but chiefly with 1000 metres wire."” For the DANA

expeditions, the ratio of meters of wire out to fishing depth was 2:1
(Gibbs, 1969; Sulak, pers. comm.). Ege (1948) concluded that 2000
meters wire out (ca. 1000 m) produced the largest catches of C.

sloani.

These figures substantiate the present findings. In addition,
there was some evidence for vertical migration from the Norfolk Canyon
data, but more information is needed before making any definite

statements.
Family - Stomiatidae

Stomias boa ferox

Stomias was the third most abundant species overall. Eighty-four
specimens were captured (size range 90-378 mm S.L.). This species

showed a vertical distribution pattern similar to, but broader than
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that of Chauliodus sloani. Most of the specimens again were found in

the mesopelagic, but shallower than Chauliodus (Table 1l1b).

CPUE analyses showed significant (x2 = 11.2, p<.0469; x2 = 13.8,
p<.0321, df = 5) differences among depth strata during the spring and
fall, which were the periods of highest abundance. Fall, seemed to be
the season in which S. b. ferox was most available for capture,
because nearly twice as many specimens were caught at that time as
were taken in the spring (Table 1). No significant difference in CPUE

between seasons was noted however.

Based on CPUE, the 501-1000 m depth stratum was the peak depth of
capture. Catch rates were equivalent between 501-750 m and 751-1000 m
in the spring, and nearly so in fall and winter although peaks were in
501-750 m stratum during these seasons. During the summer, however,

peak CPUE was in the 751-1000 m stratum. Chauliodus sloani, which

showed considerable distributional overlap with S. b. ferox was most

abundantly captured between 751-1000 m bottom depths.

There exists little published information regarding the depth
ranges occupied by this species, and that which exists is confusing.
Ege (1934), indicated that S. b. ferox is largely restricted to
shallow depths, theorizing that deep catches of small specimens arose
from contamination. Examination of his data reveals that specimens
2200 mm S.L. formed 0.4% of the total catch, whereas in the present
study specimens >200 mm size comprised 70.2% of the total. Morrow

(1964) stated that S. b. ferox appears to be most abundant in the
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upper water layers, < 300 m depth. His data were apparently based
largely on Ege's work. Beebe (1937) listed a total catch of 96

"Stomias ferox" in meter—-net hauls from depths of 300-1,000 fathoms

off Bermuda. Gibbs (1969) in his monograph on Stomias reanalyzed the

Dana material of Ege (1934) and postulated a daytime occurrence of the

species below 500 m, with a night time concentration in the upper
200 m. Krueger et al. (1975) occupied ten stations over Deepwater
Dumpsite 106 to the north of Norfolk Canyon, using a 10 ft.
Isaacs-Kidd midwater trawl (IKMT). All sampling was done at night.

Stomias boa ferox were taken at eight stations with maximum depths

between 615-790 m. Two other stations, both extending to 550 m

contained no Stomias.

The present data agrees with the findings of the works by Beebe
(1937) and Gibbs (1969) although none of these studies adequately
sampled deeper waters. A day-night difference in depth of capture was
noted in fall (the strongest data set), and to a lesser degree in
spring (Table 12). Too few specimens were collected in summer and

winter for any clear trend to be discerned.

Family — Malacosteidae

Malacosteus niger

This species was rare in the canyon area with 13 specimens
captured at 11 stations. There is little that can be reported
regarding this species. So few specimens were captured that CPUE

variations presented little information. Only three specimens,
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however, were captured outside the 1001-2000 m depth strata. One of
these was very shallow, at 376 m, and probably represented

contamination from an earlier tow.

Clarke (1974) reported that M. niger off Hawaii occupied a range
from 520-900 m, with most taken from 600-700 m. The size range of
most of his material overlapped that of Norfolk Canyon specimens.
Beebe (1937) listed 26 M. niger captured between 500-1000 fathoms off
Bermuda. Badcock (1970) reported but a single specimen, captured off

Fuerteventura between 875-700 m in a closing IKMT.

This species, which has a broad distribution worldwide may be
found in the lower mesopelagic in some areas and the bathypelagic in
others. It appeared to be a solitary form well segregated from other

individuals of the same species.

Photostomias guernei

Photostomias guernei was the rarest midwater species to be

considered a dominant member of the Norfolk Canyon midwater community.

A total of 5 specimens was captured.

Records (Beebe, 1937; Badcock, 1970; Clarke, 1974) indicate that

Photostomias seems to be more common than Malacosteus. Beebe (1937)

listed a total of 99 specimens (compared with 26 M. niger) from
500-1,000 fathoms depth. Badcock (1970) captured 16 specimens off
Fuerteventura, 13 of which occurred between 350-950 mm by day and

night. One specimen was taken near the surface (<70 m) at night,
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while the remaining 2 individuals came from day tows shallower than
200 m, and could have been contaminants. Clarke (1974) presented data
on 159 specimens from Hawaii, and showed a mesopelagic (350-800 m)
distribution by day, and migration into the epipelagic (15-300 m) at

night.

Two specimens each of P. guernei occurred in 751-1000 m (818 and
828 m), and 1001-1500 m (1408 and 1488 m) strata hauls. Such close
agreement (the two shallow captures were in summer and winter, the
deeper in fall and spring respectively) suggest that the species lives
deeper in fall and spring, than summer and winter. The fifth specimen
was taken at 2624 m in fall. This species also is considered to have
a bathymetrically transitional pattern until more information can be
gathered.

Order - Myctophiformes
Family - Myctophidae

Benthosema glaciale

This species was the second most abundant species captured in the
Norfolk Canyon area, with a total of 139 specimens taken from 41
stations. B. glaciale is considered the most abundant myctophid
species in the North Atlantic, dominating subpolar—temperate myctophid
catches (Nafpaktitis et al., 1977). Its geographic range extends down
to about 40°N on both sides of the Atlantic (somewhat further south on

the western side), and into the Mediterranean Sea, with an apparently
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isolated population in a small area in the upwelling region off North

Africa (Badcock and Merrett, 1977).

Norfolk Canyon CPUE data showed a broad vertical range with two
abundance peaks (Table 13a). No significant difference in catch rates
from different depth strata was observed, but CPUE among seasons was
significantly different (x2 = 8.2, p<.0822, df = 3) for the 751-1000 m
depth range. Abundances of Benthosema appeared to be divided into two
distinct groups, one centered in strata <1000 m, the other, below
(Table 13a). Peak catches for each group were in the strata from
751-1000 m (spring—-fall), and 501-750 m (summer—-winter) for the upper
group, and 1501-2000 m (all seasons) for the lower. Except for two
specimens captured by water haul, no Benthosema were taken in the

stratum below 2000 m.

Computation of mean sizes vs. depth strata indicated a trend of
decreasing mean fish size with increasing depth, a trend which would
probably not occur if contamination was the cause of the apparent deep
captures. Mean fish length in each depth stratum, calculated using

data pooled from all seasons (N=129) was; 201-500m (n = 37)

X = 50.5 mm, 501-750 m (n = 16) X = 53.2, 751-1000 m (n = 15)
X = 47.3, 1001-1500 m (n = 17) X = 46.4, and 1501-2000 m (n = 44)
X = 43.0.

The data were divided into two groups, the shallow (<1000 m) and
the deep (>1000 m) catches (sample sizes of 68 and 61 respectively).

Figure 6 presents frequency curves and mean size for each group. A
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Wilcoxon two sample test, a non-parametric test which ranks the data
from smallest to largest was run according to the methods of Sokal and
Rohlf (1969). Because the n's were large, an expression which
approximates normality was used, and a t-value generated. The null
hypothesis was that the mean size of fish captured above and below
1000 m was not significantly different. This is what would be
expected if a) a single population of individuals was being sampled,
and b) contamination was the reason for many of the apparently
"deeper” captures. The null hypothesis was found to be false, at a

high level of significance (t = 3.63, p<.001).

This pattern may be the result of several factors. Smaller
fishes may occur deeper than larger ones. This situation is not
uncommon in midwater fishes (e.g. ceratoid larvae and young,
Bertelsen, 1951), but it does not seem to be true for Benthosema.
Halliday (1970) found that in slope waters off Nova Scotia, "O0- group
fish ... were taken in both the shallowest and deepest day and night
tows.” He also found that by day, mean size showed an increase at the
201-250 f depths vs. shallower hauls, and then decreased again in the
underlying 250-300 £ stratum, a situation seen in Norfolk Canyon. At
night, mean length increased with depth, the opposite to what was
observed from the canyon data. Another argument against the
smaller—deeper theory is that VIMS planktology data from
opening/closing bongo trawls at Station L6, a station locatgd at the

northwestern end of Norfolk Canyon showed a wide range of B. glaciale
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Figure 6. Frequency curves and mean sizes of Benthosema glaciale
captured in trawls from shallower than 1000 m bottom depth

(solid 1line) and deeper than 1000 m bottom depth (dashed
line)
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sizes (9.2 -~ 36.7 mm) in <200 m of water, although specimens were not

abundant.

A second possibility is that the captures of small B. glaciale
further offshore and/or deeper represented a deep group of expatriated
individuals, carried southwards by the submergence of boreal surface
waters. A number of factors lend credence to this hypothesis.

Several accounts have noted the presence of deep, apparently
non-migratory groups of B. glaciale at the southern ends of the

species’' range. Beebe (1939) reported two small (26-18 mm) specimens

of "Myctophum glaciale"” off Bermuda from 700-900 fms depth. Gibbs et
al. (1970) found a number of B. glaciale during Bermuda Ocean Acre
studies with maximum abundance calculated to be 1000 m. They
estimated most of the captured specimens to be in the year class one
size range, and suggested that this species spawned north of the Gulf
Stream system and did not occur in the Ocean Acre area as adults.
They also theorized that Benthosema made its way to Bermuda at depth
via the North Atlantic Central waters. Badcock and Merrett (1977)
noted that at the southern end of its range in the Eastermn North
Atlantic (ca. 40°N), B. glaciale exhibits a split vertical
distribution with a large, deep (750-1000 m) non-migratory fraction of

individuals.

Additional evidence suggestive of southerly transport of
Benthosema was collected during cruises 49 (July—August 1978) and 55
(February-March 1979) of the R/V Oceanus from Woods Hole. Deep

discrete samples (800-1000 m) made using a 10 m MOCNESS sampler (Wiebe
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et al., 1976) in Western Boundary Undercurrent (WBUC) off Cape

Romaine, S.C. captured large numbers of Benthosema glaciale and

Sergestes arcticus (during Oceanus 49 the catch bucket was full of

nothing but these species; pers. observation). The WBUC may transport
these boreal species southwards, and could be one of the mechanisms by

which Benthosema reached Bermuda (Backus, pers. comm.).

Another argument for the expatriation theory is examination of
the species sizes in the Norfolk Canyon deep watefs with respect to
Hallidays' (1970) analysis of age and growth. He found that B.
glaciale spawned off Nova Scotia in early spring, with post larvae
10-25 mm being found in July. The only captures of specimens within
this size range near Norfolk Canyon were in spring (June) and summer
(September) when a 21 and 18 mm specimen were captured in nets fished

between 1501-2000 m.

Halliday (1970) also found Benthosema distributed over a wide
temperature range from 0°-~18°C, with peak abundances between 4-16°C.
The 4° isotherm in Norfolk Canyon occurs around 1400 m (Wenner, 1978).
Leavitt (1938) noted a plankton maximum between 1400-1600 m in Slope
Waters, 1.5 to 2 times greater than that of immediately shallower or
deeper layers. Thus biological and physical features appear to be
potentially favorable for a deep dwelling group of Benthosema near

Norfolk Canyon.

The mean sizes of the shallow and deep groups (Figure 6)

indicated about a one year difference in age, according to Halliday's
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figures. The shallow group appeared to be composed mostly of older
individuals about 3.5 years old (range about 1.5-4), while the deep

group averaged about one year younger (range from young of year to 4).

The vertical distribution pattern for B. glaciale in the depth
strata above 1000 m agrees well with existing data (Halliday, 1970;

Badcock and Merrett, 1977; Nafpaktitis et al., 1977).

Benthosema was virtually absent from winter samples. This did
not appear to be a measure of sampling effort (or lack of). It could
be related to spawning which occurs in winter and early spring farther
north (Halliday, 1970). This phenomenon was noted for the other

common myctophid species Ceratoscopelus maderensis, and the hatchet

fishes Argyropelecus aculeatus and Sternoptyx diaphana, and is at

present inexplicable. Both Ceratoscopelus and Argyropelecus exhibited

the smaller—deeper trend shown by Benthosema.

Ceratoscopelus maderensis

A total of 84 specimens of this species was captured, making it
the second most abundant myctophid, and fourth most abundant dominant
species. CPUE analyses showed no significant differences with depth
or season. This species occurred throughout the mesopelagic
(201-1000 m) zone, and primarily occurred between 201-750 m (Table

13b).

A number of similarities between this species and Benthosema were

noted. First, the phenomenon of decreasing mean fish size with
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distance offshore and/or increasing depth was noted. Calculations of
mean size with depth strata showed a generally decreasing trend.
Wilcoxon two sample test of <1000 and >1000 m depth strata groups

(n = 61 and n

11 respectively) again showed a highly significant

difference (t 2.43, p<.02) in mean size of individuals. Figure 7 is
a graph of size frequency for each group. All specimens were from
larger size ranges. Krueger et al. (1975) noted this pattern at
Deepwater Dumpsite 106 and stated, "We suspect that this species does
not reproduce in the study area, and that the present specimens are

expatriates from colder waters.” Due to the small sample size of the

deep group, little more will bé said about it.

Mesopelagic captures of C. maderensis in the <1000 m depth strata
agreed well with published information. Backus et al. (1968), Musick
(1973), Jahn (1976), Krueger et al. (1977) and Nafpaktitis et al.
(1977) all note that C. maderensis is abundant in the cold slope
water, with vertical ranges of 225-1000 m with maxium abundances
between 300-600 (Backus et al., 1968; Nafpaktitis et al., 1977).
Day-night differences in depth stratum (shallower at night) are

clearly seen in Table 1l4.

Backus et al. (1968) reported a mean size of 62.4 mm for 774

specimens captured from enormous schools of Ceratoscopelus observed by

D.S.R.V. Alvin in slope waters off southern new England. This figure
agrees well with the 64.2 mm mean size found for the 61 mesopelagic C.

maderensis in the present study.
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Figure 7. Frequency curves and mean sizes of Ceratoscopelus
maderensis captured in trawls from shallower than 1000 m
bottom depth (solid line) and deeper than 1000 m bottom
depth (dashed line)
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Lampanyctus macdonaldi

Only 19 specimens of this large myctophid were taken (74-154 mm
S.L.) making it one of the rarer dominant species in the study area.
It was probably bathypelagic in the canyon area (Table 15), with only
one specimen captured shallower (809 m) than 1000 m. This species was
most common in summer (10 specimens captured). L. macdonaldi has been
noted by submersible observers within 2 m of the bottom (Craddock,
pers. comm.). Norfolk Canyon otter trawl captures may be of

individuals from near bottom.

There are few published records of the distribution of this
species. Jahn (1976) listed it as having strong Slope Water
preferences. Nafpaktitis et al. (1977) set distributional limits
between 550 to greater than 1000 m by day, and about 850 m at night
for adults, although juveniles occurred much shallower.

Order - Gadiformes

Suborder - Zoarcoidei
Family - Zoarcidae

Melanostigma atlanticum

This species was the eighth most abundant. A total of 53
specimens was captured. Aspects of the distribution and ecology of
this species in Norfolk Canyon have been studied and discussed by
Wenner (1978) and Markle and Wenner (1979). M. atlanticum was a

mesopelagic inhabitant, and was most abundant in the summer. Peak
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CPUE was between 501-1000 m spring and summer, and 201-750 m fall and

winter.

Order - Beryciformes
Suborder - Berycoidei
Family — Melamyphaidae

Scopelogadus beanii

A total of 68 specimens of S. beanii was obtained from 31
stations. This species was the sixth most abundant dominant species

found in the study area.

Catch-per—unit-effort data (Table 16) shows that this species was
probably bathypelagic around Norfolk Canyon. Peak abundances occurred
in the 1501-2000 m or deeper strata. Other bathypelagic species, e.g.

Gonostoma bathyphilum, Eurypharynx pelecanoides, and Lampanyctus

macdonaldi were represented by far fewer specimens. Only 10 of the
specimens were not adults (<80 mm S.L.). These 10 were all half grown
according to Ebeling and Weeds classification (1963). The other 58

specimens ranged in size from 80-118 mm S.L.

Ebeling and Weed (1963) listed the upper limit of vertical
distribution for this species as 800-1000 m for adults, 500-600 m for
half grown. They also noted that vertical migrations probably do not
occur. Except for one adult specimen taken at ca. 650 m depth, no
captures occurred shallower than 800 m for either adults or half
grown. Half grown specimens were not taken at stations deeper than

1850 m.
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Jahn (1976) found S. beanii to be far more abundant in Slope than
Sargasso Sea waters. The large number of specimens taken during the
present study may have been the result of the presence of this species
near the bottom. Stomach content and parasitological information (see
other sections of this study) indicated a possible benthic
interaction. High CPUE (up to 3.0 spec/0.5 hr.) showed greater
availability to otter trawl capture than any other bathypelagic

species.

The largest numbers of specimens were captured in the summer and
fall, with as many as 7 specimens taken in a single haul. CPUE,

however, was not significantly different with depth or season.

Non-Dominant Species

A total of 53 species of meso- and bathypelagic fishes were
represented by captures from three or fewer cruises. A number of the
species were represented by a single specimen. From published
accounts, some species, which were probably under-represented in the
catches, may be year round members of the Norfolk Canyon midwater fish
community. Appendix B provides a taxonomic listing of these species,
the cruises during which they were taken, and the depth that the net

fished.
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General Discussion and Conclusions

Bias of Data

The major problem in analyzing collections of pelagic fishes from
non—-closing nets is that no statement can be made as to where the
fishes were taken in the water column. Open net catches may be
contaminated, especially by shallow dwelling species, during net
descent and/or ascent (Pearcy 1964; Harrison, 1967; Ebeling et al.,
1970; Halliday, 1970; Clarke, 1973, 1974, Krefft, 1970). This problem
may be minimized by fishing the net at a given depth for a period of
time far exceeding that of descent and ascent (Pearcy, 1964; Halliday,
1970), or by assessing transition of species distribution by upper

depth of capture limits (Clarke, 1973, 1974).

Comprehensive studies of distribution are often confounded by
such factors as the variability of depth distribution with geographic

locale (e.g. the vertical distribution of Benthosema glaciale in the

N.W. Atlantic is 275-850 m by day, 0-225 at night; in the
Mediterranean Sea, 375-800 m day, 12-200 m at night, but off Bermuda
B. glaciale is found between 750-1200 m by day, (Nafpaktitis et al.,
1977), and the apparent worldwide distribution of a number of

deeper—-dwelling species (e.g. Chauliodu sloani, Morrow, 1964;

Eurypharynx pelecanoides, BShlke, 1966). The diel vertical migratory

habits exhibited by many fish species (Pearcy and Laurs, 1966; Gibbs,
1969; Gibbs et al., 1970; Clarke, 1973; Clarke and Wagner 1976;

Krefft, 1976, and many others) also make interpretations of data
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difficult especially when attempting to delineate patterns for a
number of species. Recent evidence (Gibbs et al., 1970; Pearcy et
al., 1979) suggests that not all members of a population migrate all

the time.

The otter trawl used in this study was a bottom sampling device.
Pelagic fishes may have been captured during descent or ascent of the
net or they may have been captured near the bottom. Contamination of
the net during descent or ascent was probably not significant for
dominant, abundant species. Upper limits of capture of species
generally agreed with published accounts. The number of individuals
of a given species captured over a particular depth range was
consistent among seasons in many cases. Statistically significant
differences in catch rates were found for a given species among
different depth strata. Examination of species data on the upper
depth of capture, CPUE for depth strata, and broad depth strata as
indicators of distributional transitions between species groups
allowed for the definition of species groups by faunal zone. Table 17
lists the dominant species and the depth zone (e.g. mesopelagic,

bathypelagic, etc.) which they inhabit.

Comparison of depth of capture data vs. published accounts for
many species showed excellent agreement in all but three species,

Benthosema glaciale, Ceratoscopelus maderensis, and Argyropelecus

aculeatus which apparently occurred much deeper than most published
accounts have noted. These occurrences could have been due to net

contamination upon descent or ascent of the net. However, a
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statistically significant difference in mean size between individuals
captured in the shallower and deeper depth strata (smaller fishes
found deeper) for the first two species, and a similar trend for the
third species was found, indicating the possible presence of separate
deeper or further offshore dwelling groups of individuals of these
species. 1In addition, very few published midwater studies have
conducted extensive sampling below 1000 m, so there is little

information about deep distribution patterns.

Net efficiency in capturing midwater fishes was assessed

qualitatively. Comparisons of “water hauls,” tows which were made in
midwater rather than on bottom due to an insufficient scope of cable,
showed much higher capture rates of both species and specimens in
comparison to successful benthic tows, suggesting poor efficiency of
capture in midwater during descent or ascent of net that successfully
sampled the bottom. Capture ratios are approximately 3:1 water haul,
benthic haul respectively, (12.2 species, 36.2 specimens per water

haul, 4.8 species, 10.9 specimens per benthic haul excluding one catch

of 257 specimens in a shallow haul).

There is increasing evidence in the literature for the
near—-bottom presence of midwater fish species. Many of the dominant
species found in this study have been implicated in this near-bottom
phenomenon. Marshall (1954) reported a sea urchin in the stomach of

Eurypharynx pelecanoides and concluded that it was scavenged off the

bottom. Additional evidence of Eurypharynx ingesting benthic prey was

indicated in this study by the presence of a holothurian in the



93

stomach of one of the specimens examined for food habits (see next

section).

Grey (1964) in her species account of the family Gonostomatidae

indicated that Maurolicus muelleri, Gonostoma elongatum, and G.

bathyphilum spend time quite close to the bottom. In the same

account, she considered Polymetme corythaeola to be a benthic species.

Submersible observations (Musick, pers. comm.) and presence in the

stomach of benthic piscivores (in Bathysaurus ferox; pers.

observation) confirm the presence of G. bathyphilum near bottom.

Submersible observers have also noted the regular presence of

Lampanyctus maconaldi and other myctophids (Craddock, pers. comm.)

within 2 m of bottom.

Sedberry (1975) noted the consistent capture of Nessorhamphus

ingolfianus in the otter trawl samples from Norfolk Canyon and

concluded that it may spend time on or near bottom. In addition,

Sedberry and Musick (1978) recorded specimens of Ceratoscopelus

maderensis, Nemichthys scolopaceus, Sternoptyx diaphana and Cyclothone

sp. from the stomachs of Synaphobranchus kaupi (first two species) and

Phycis chesteri (latter two species), both inhabitants of the demersal

zone of Norfolk Canyon. These prey items occurred in specimens
captured during the day, and appeared to have been consumed while
alive. Sedberry and Musick (1978) concluded that the lower end of the
vertical range would bring these pelagic species close to the bottom

(especially during the day for vertical migrators) where predation by
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benthic or demersal species then occurred. This conclusion is

reinforced by the findings of Marshall and Merrett (1977; cf. 494).

Markle and Wenner (1979) found that the near-bottom abundance of

Melanostigma atlanticum and Xenodermichthys copei varied seasonally.

Based on CPUE, food studies, and internal parasite faunas they
postulated that these species approach bottom at certain times of the
year to utilize the two-dimensional slopewater interface for

reproductive aggregation.

Other species of fishes have been suggested to have near bottom

affinities. Devany (1969) defined the species Neoscopelus

macrolepidotus as benthic or engybenthic. Clarke (1973, pers. comm.)

noted the consistent captures of larger numbers of five species of
myc tophids and two species of stomiatoids in bottom trawls when

compared with midwater hauls off Hawaii.

The larger—-deeper phenomenon has been noted by most workers
dealing with vertical distribution of midwater fishes (most citations
within this section of study mention this phenomenon). Clarke (1973
pers. comm.) noted that the bottom dwelling myctophids and stomiatoids
were larger in size and heavier bodied than those individuals of the
same or related species taken in midwater hauls. Grey (1964) stated

with respect to Gonostoma bathyphilum captures, "...many of the larger

specimens have been caught in bottom trawls.” The Lampanyctus

macdonaldi (also Lampadena sp.) observed by Craddock were all
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approximately 6 in. in length (pers. comm.), i.e. the adult size range

for these species.

Harrisson (1967) correlated the presence of large specimens of
myctophids with areas overlain by high standing crops of zooplankton,
"...along the edges of continental shelves and mid-oceanic ridges or

near island groups,” which is precisely where pseudooceanic species

are found.

The presence of only larger specimens of the dominant species
from Norfolk Canyon in the otter trawl is probably due to their
presence near-bottom and resultant availability of these species to
the net. Sampling bias through loss of small specimens does not
appear to have been a major factor because small Cyclothone and
myctophids down to 18 mm S.L. were consistently present in catches. A
total of 23 dominant species were captured from the Norfolk Submarine

Canyon and adjacent "open” continental slope to the south.

Analysis of CPUE delineated five main distributional groups: the

upper mesopelagic (201-750 m) characterized by Maurolicus muelleri and

Polymetme corythaeola, the mesopelagic group (201-1000 m) consisting

of Nemichthys scolopaceus, Stomias boa ferox, Chauliodus sloani,

Gonostoma elongatum, and Melanostigma atlanticum; the lower

mesopelagic (501-1000 m) group of Derichthys serpentinus,

Nessorhamphus ingolfianus, and Sternoptyx diaphana; a lower

mesopelagic/upper bathypelagic transitional group consisting of the

malacosteids Photostomias guernei and Malacosteus niger, and the
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bathypelagic species Eurypharynx pelecanoides, Serrivomer beanii, S.

brevidentatus, Cyclothone microdon, Gonostoma bathyphilum, Bathylagus

euryops, Lampanyctus macdonaldi, and Scopelagadus beanii.

The remaining three species, Benthosema glaciale, Ceratoscopelus

maderensis and Argyropelocus aculeatus, had bimodal vertical

distributions, of which the shallow group was primarily found in the
upper mesopelagic, whereas the deeper individuals occurred in the
bathypelagic zone. It was found that the two groups were

significantly different in size (and probably age) for Benthosema and

Ceratoscopelus. This trend was noted for A. aculeatus, but due to
small sample size, was not statistically significant. Thus, a total
of 10 mesopelagic, 2 transitional, 8 bathypelagic and 3 bimodal
species distribution, were found to comprise the dominant species

assemblages of the Norfolk Canyon area.

Many workers have noted that hydrographic properties of water
masses play an important role in determining geographic range of
midwater fishes (Ebeling, 1962; Ebeling and Weed, 1963; Backus et al.
1965, 1969, 1970, 1977; Haedrich, 1972; Robertson et al., 1978). None
of the dominant species found in the present study are ecologically
limited to the Slope Water, although several may be most abundant in
this water mass. Most of the species are best characterized as
subarctic through subtropical in distribution, although a few such as

Eurypharynx pelecanoides, Gonostoma bathyphilum, and Chauliodus sloani

are cosmopolitan.
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Many midwater species may be little constrained vertically by
temperature or salinity changes, especially those with diel migratory
habits. Light, however, appears to play an important role in
determining the upper limit of depth distribution (see Marshall, 1971,
cf. 37, and Nafpaktitis et al., 1977, cf. 18 for discussion and
references). While light may limit the upper end of vertical
distribution, it need not affect the lower limit, as noted for

plankton by Leavitt (1938).

The abundance of a number of species might be linked to the high
productivity of slope waters as opposed to more central ocean waters
(Bé‘et al., 1971). Upwelling from deep waters may occur over the
continental slope. (Ruzecki, 1979). Such increased productivity
undoubtedly supports larger numbers and biomass of midwater fishes
than those in less productive areas. More work (preferably with
bottom sampling closing gear) needs to be done at all depths to
determine the extent of midwater fish interactions with the
near—-bottom waters over continental slope and other submerged

topographic features (e.g. seamounts).



PART 1II. FEEDING HABITS AND TROPHIC ECOLOGY

OF SELECTED DOMINANT MESO- AND BATHYPELAGIC

FISHES FROM THE NORFOLK CANYON REGION



INTRODUCTION

Because of the numerous logistical and biological problems
inherent in making in situ observations of feeding habits and
laboratory maintenance of specimens for trophic studies, little
information exists on the trophic ecology of living midwater fishes
(Robison, 1973; Childress and Meek, 1973; McCosker and Anderson, 1976;
Belman and Anderson, 1979). However, the food habits of various
species of midwater fishes, particularly those that migrate vertically
to feed in shallow waters at night (Marshall, 1960), have been studied
e.g. myctophids and gonostomatids (Paxton, 1967, Holton, 1969;
Collard, 1970; Gjosaeter, 1973; Baird et al. 1975; Kinzer, 1977;
Clarke, 1978; Pearcy et. al., 1979; Worner, 1979 and others). As a
result, much important preliminary trophic information has been

obtained for these upper mesopelagic species.

Hopkins and Baird (1973) described the diet of Sternoptyx
diaphana, a non—-migratory, lower mesopelagic hatchet fish. Apart from
this work, little quantitative information exists on feeding in lower
meso— and bathypelagic fishes (sensu Marshall, 1971) other than
material of a general nature (Beebe, 1935a, 1935b; Beebe and Crane
1936, 1947; Bertelsen, 1951, Marshall, 1954, Bohlke, 1964; Grey, 1964,

and some others).

Knowledge of feeding strategies and trophic structure of and
among midwater fishes is sparse. Merrett and Roe (1974) analyzed food
selectivity in addition to describing feeding patterns of several

99
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species of mesopelagic fishes. DeWitt and Cailliet (1972) compared
feeding habits and strategies for two species of the genus Cyclothone.

Cailliet (1974) examined feeding strategies of Leuroglossus stilbius

(Bathylagidae) and Stenobrachius leucopsarus (Myctophidae) in relation

to plankton ecology. Legand and Rivaton (1969) examined the food
habits of 11 species of midwater fishes (8 myctophid, 1 bregmacerotid,
1 gonostomatid, and 1 chauliodontid), and erected a two-level trophic
structure which they related to active or passive feeding strategies,
based on prey—to-predator body weight ratios, and percentage of empty

stomachs.

The purpose of this section of the study is to present
information on the feeding ecology of 18 dominant midwater fish
species taken from a small geographic locale, i.e., the region of
Norfolk Submarine Canyon in the Western North Atlantic, and an
adjacent continental slope area to the south. Prey items were
identified and relative importance of the various prey to diet were
analyzed. Apparent dietary shifts, based on seasonal, diet, depth, or
size related changes were examined. Possible feeding strategies of
the various fish species, based on gross examination of body and jaw
morphology, prey types, and previous accounts were suggested, as well
as possible prey selectivity by predator species. The relationships
of prey items to prey abundances were examined. Hypothetical trophic

patterns among the dominant species were constructed.



METHODS AND MATERIALS

Fish species and numbers of specimens examined for stomach
content analysis are listed in Table la. The mean sizes and size
ranges for the species examined are listed in Table lb. Some of the
material utilized came from the Norfolk Canyon study area, but from
cruises other than CI-73-10, GI-74-04, GI-75-08, or GI-76-0l1. These
ancillary specimens are also listed in Table 1, with station capture

and cruise information presented in Appendix C.

The stomach contents of specimens of Nessorhamphus ingolfianus

and Derichthys serpentinus from cruise CI-73-10 were previously

examined and reported by George Sedberry (1975). This data was
incorporated into the information accumulated on these species during

the present study.

Additional specimens of Nemichthys scolopaceus and Scopelogadus

beanii captured from regions outside of the canyon area, by methods
and apparatus other than those used in the Norfolk Canyon study, were

also examined. Two male specimens of N. scolopaceus, captured over

the Blake Plateau region of the Western Atlantic during cruise 213-3

of the FFS Anton Dohrn were examined for stomach contents. As males

are extremely rare, it was thought that these might provide additional

information.

Eighteen specimens of S. beanii were obtained from Woods Hole
Oceanographic Institution (WHOI) collections and sixteen from the

Harvard University Museum of Comparative Zoology (MCZ) and the stomach

101
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TABLE 1b

RANGES AND MEAN LENGTHS OF MIDWATER FISHES
EXAMINED FOR STOMACH CONTENTS

SPECIES SIZE RANGE MEAN LENGTH
N. scolopaceus 335~925mm T.L. 590mm
D. serpentinus 170-290mm T.L. 221mm
N. ingolfianus 174-353mm T.L. 243mm
S. beanii 249-724mm T.L. 47 8mm
S. brevidentatus 207~635mm T.L. 370mm
E. pelecanoides 187-550mm T.L. 440mm
G. elongatum 105-227mm S.L. 158mm
G. bathyphilum 115-162mm S.L. 139mm
A. aculeatus 32- 67mm S.L. 47mm
S. diaphana 25— 41mm S.L. 30mm
S. b. ferox 70-315mm S.L. 221mm
C. sloani 108-264mm S.L. 186mm
L. macdonaldi 72-142mm S.L. 101mm
C. maderensis 50- 72mm S.L. 6 1mm
B. glaciale 37- 65mm S.L. 54mm
M. niger 66-167mm S.L. 111mm
P. guernei 93-114mm S.L. 103mm
S. beanii (0.T.) 42-112mm S.L. 9 7mm
S. beanii (M.W.T.) 37-112mm S.L. 100mm
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contents were analyzed. These specimens, all captured by pelagic
trawls, provided data comparison with the otter trawl material.
Capture information for these specimens is also contained in Appendix

C.

All specimens were identified, measured (mm standard or total
length) and weighed (nearest 0.l g). Then an incision was made from
the pharyngeal region to the anus, and the abdominal cavity opened.
Prior to the removal of the viscera, the abdominal cavity and internal
organs were examined under a dissecting stereo-microscope for
parasitic organisms (See Part III, parasitology for detailed methods).
Af ter this, a cut was made through the anterior-most portion of the
esophagus, with another circumscribing the anus, and the viscera were

removed.

The organs were placed in a petri dish containing 40% isopropyl
alcohol (the preservative in which the specimens were kept). The
stomach and intestine were then separated by cutting through the
intestine at the pyloric junction, and removed to separate dishes.

The stomach was opened and the contents washed into the dish. The
material was gently sorted through while being examined under the
microscope for internal parasites. Upon removal of parasites, the
food material was placed in vials of 407% isopropyl, labelled and
stored. The same procedure was followed with the intestine. Although

food and fecal contents were not actually identified or analyzed,
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often recognizable parts (e.g. amphipod exoskeletons) were intact

enough to aid in prey identification.

Although many studies estimate degree of stomach fullness
(Paxton, 1967 and following citations, see page 99), this is a rather
subjective process, and was not done in this study, other than to note

extremely full (distended) or completely empty stomachs.

Information on degree of digestion was recorded using three
qualitative categories: freshly ingested to slightly digested, where
the prey material was virtually intact; partly to half digested, where
obvious digestion had occurred but parts of the prey were still
recognizable; and well digested, where usually nothing identifiable
remained, although some recognizable hard parts of fishes,

cephalopods, or crustacea may have been present.

All prey items were identified to the lowest possible taxon and
counted. Frequently, difficulties in counting resulted from digestion
of the organisms. Because of this, well digested remains usually were
considered a single organism. There were some exceptions. Fish
abundances were determined from hard parts (otoliths, skulls),
cephalopod counts were made from the number of beaks present, numbers
of decapods and euphausiids were evaluated by counting eyes and
dividing by two, and amphipod number came from counting heads that

were present.

Several analyses were carried out to determine how various prey

items contributed to the diet. In order to avoid bias that might
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arise because of large volume displacement of one or a few organisms,
e.g. fish or large crustacea, or high numbers of prey, e.g.
euphausiids, (Pinkas et al., 1971; Windell and Bowen, 1978), an
overall index of relative importance developed by Pinkas et al. (1971)
and utilized in other feeding studies (McEachran et al., 1976;

Sedberry and Musick, 1978) was employed.

The index of relative importance (IRI) incorporates several
factors in its calculation: percent frequency of occurrence, the
number of stomachs in which a specific prey item was found divided by
all non-empty stomachs for a given fish species; percent numerical
abundance, the total number of the specific prey item divided by the
total of all prey items found in a given predator (also known as the
percentage composition by number, Windell and Bowen, 1978); and
percent volume displacement, the volume of the specific prey item

divided by volume of all prey items found for the given fish species.

Volume displacement was calculated by the methods of McEachran et
al. (1976). Food items were blotted to remove excess moisture, then
placed in a vial calibrated to a certain volume (5, 10 or 20 ml). A
self levelling burette was used to titrate liquid into the vial up to
the calibration mark. The amount of liquid left in the burette was

subtracted from the volume of the vial used.

After calculation of these factors, the IRI was computed as

follows:

IRI = F(N + V)
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where F is % frequency of occurrence, N is % numerical abundance, and

V is % volume displacement.

Shifts in diet and feeding periodicity were analyzed for those
species whose sample sizes were deemed sufficient for analysis.
Feeding was examined in various size groups by percent empty stomachs
and prey type. Size divisions were arbitrary but tended to segregate
animals according to developmental stages. Large eels, such as

Nemichthys or Serrivomer were divided in 100 mm size increments, as

their size ranges generally spanned >400 to 500 mm. Intermediate size

species (e.g. Stomias, Derichthys, Nessorhamphus) were divided into 50

mm classes, while smaller fishes (e.g. Scopelogadus, Argyropelecus)

whose overall size ranges did not exceed 50 mm were grouped in 10 mm

increments.

Depth of capture, feeding intensity and prey type were also
examined. Depth strata were divided into upper (£ 200 m, 201-500 m)
and lower (501-750, 751-1000 m) mesopelagic, and upper and lower
bathypelagic (1001-1500 m, 1501-2000 m, > 2000 m) zones. The division
of the lower mesopelagic into two sections was necessary because

several bathypelagic species were found in the 751-1000 m depth range.

Seasonal changes in feeding habits were determined by comparing
the number of stomachs containing a certain prey group with the season
of sampling. The additional specimens from cruises listed in Appendix

C were placed in the season that the time of sampling occurred.
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Diel feeding was analyzed. The 24 hr. diel period was divided
into four 6 hr. sections: 0001-0600, 0601-1200, 1201-1800, 1801-0000.
The times 0600 and 1800 were approximate averages for sunrise and
sunset over the four seasons. Since no samples in any season fell
within that seasons time of sunrise or sunset, the data for all

cruises was pooled together to determine diel trends.



RESULTS AND DISCUSSION

The stomach analysis of each dominant midwater fish species is
presented in this section, along with a discussion of feeding habits
and possible feeding strategies. A general discussion examining
trends in feeding (e.g. seasonal, diel), prey abundance and
selectivity, and trophic structure follows.

Order - Anguilliformes

Suborder - Anguilloidei
Family — Nemichthyidae

Nemichthys scolopaceus

Stomachs from 254 specimens were examined. Only 114 (44.9%)
contained food. Nemichthys appeared to be stenophagic in the Norfolk
Canyon area. Only two crustacean groups, sergestid shrimps and
euphausiids were found, of which the former predominated (IRI of 16981
and 121 respectively). The recognizable sergestid remains were of

Sergestes arcticus. Identifiable euphausiids were Nematoscelis sp.

Table 2 lists the prey items and their relative importance to the

diet.

Selectivity in Nemichthys has been attributed to its specialized
jaw structure. Mead and Earle (1970), from observations made from
D.S.R.V. Alvin, noted that Nemichthys hangs vertically (head upward)
in the water column. From these observations, and examination of
stomach contents, they specqlated that Nemichthys captures its prey,
sergestid shrimps, by entangling the long downward-trailing antennae

108
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of the shrimps (which also hang vertically head upward in the water)
in its jaws. The present study supports this view. Many of the
slightly digested shrimps whose heads were still relatively intact had
only a small portion of the antennae remaining. The major part of the
antennae appeared to have been snapped off, which would occur as the
eel swallowed if the antennae were wrapped around the jaws. Most of
the shrimp had been ingested tail-first; the only free end able to be
swallowed if the head was tied up around the fish's jaws. The only

euphausiid identifiable was Nematoscelis sp. which possesses a long

trailing pair of second thoracic legs (Mauchline and Fisher, 1969)

which also could become entangled in Nemichthys "beaks”.

The high number of empty stomachs might be explained by this
passive feeding strategy. The probability that a prey item would
contact and be entangled by Nemichthys in the three—-dimensional
midwaters might be lower than that of contact with an actively
pursuing predator or an “ambush strategist,” a predator which waits
for prey to come within a certain range, and then lunges (a type of
behavior probably precluded in Nemichthys due to its extremely
elongate caudal filament which would be a hindrance in developing

thrust).

Figure 1 shows feeding intensities over a 24 hour period in the
form of percent stomachs with food vs. time. There is little
variation in the percentages. This suggests a fairly constant

frequency of occurrence and availability of prey.
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Figure 1. Feeding intensities in Nemichthys scolopaceus over a 24 hr.
period
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Sergestes articus is a diel migrator (Omori, 1974). The findings

of this study (see Part 1) indicated that Nemichthys was also capable
of diel migration, thus enabling it to remain with its food source

throughout the entire diel cycle.

Depth and size of fish showed no significant changes in the
percent of Nemichthys with food, or prey type. Two of the 254
specimens examined were males taken over the Blake Plateau (29°11'N,

77°07'W) during cruise 213-3 of the FFS Anton Dohrn. These were

examined to determine whether the regression of the jaws in adult
males (Nielsen and Smith, 1978) caused cessation of feeding. The
stomachs were empty, and seemed to be atrophying, because they were
very small and difficult to find. The entire abdominal area was
filled with ripe testes, as noted by Mead and Rubinoff (1966).
Apparently maturation processes for male Nemichthys result in the

termination of feeding activities.
Family - Serrivomeridae

Serrivomer beanii

Food items were found in the stomachs of 14 (58.3%) of 24
specimens examined. Table 3 shows the prey types and their importance

in the diet. Serrivomer beanii apparently feeds on fishes,

euphausiids and cephalopods. Fishes were the most important
(IRI=2288) by virtue of volume displacement. However, euphausiids
(IRI=1885) were more important numerically and occurred in more

stomachs. Data from Beebe and Crane (1936) showed that from 23
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stomachs found to contain food, 19 had euphausiids or shrimp-like
crustacea, and 3 had fish remains. Few of their specimens were over
300 mm T.L. while all but one specimen examined in this study were
>350 mm T.L.. Apparently, although euphausiids are still important in
the diet, fishes become more significant dietary components in larger

S. beanii.

Cephalopods were rare (2 stomachs), but were intermediate in
volume displacement. This was due to the presence of a fairly intact

specimen of a transitional larval-subadult of Chiroteuthis veranyi (?)

(identified by M. Vecchione).

Although nemichthyid-like in general appearance, Serrivomer has a
much more muscular body and an abbreviated caudal filament. This body
configuration, coupled with prey type information, suggests that it is
a fast moving predator. Beebe and Crane (1936) confirmed this from

bathysphere observations.

As with Nemichthys, there was no apparent depth, size, or time
relation to prey type or feeding intensity. Lack of feeding
periodicity, or depth related change in feeding may be associated with

the restricted captures of Serrivomer beanii in the lower mesopelagic,

and primarily in the bathypelagic zones. Tighe (1975) has indicated

that contrary to Badcock's (1970) analysis, Serr. beanii migrates

little or not at all. Thus, being confined to this energy-poor zone,
predatory activities would probably not be periodic in nature, but

rather unceasing, as shown in Fig. 2.
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Figure 2. Feeding intensities in Serrivomer beanii over a 24 hr.
period




% STOMACHS WITH FOOD

117

0o N=8 N=7 N=5 N =4
90
80+
70
60

n=2

n=2
S0, | o9l | osol | tsal:

PERIOD (hrs.)

Serr. beanii



118

The size of the gape in Serrivomer beanii is large enough to

swallow a wide variety of prey. Thus, there could conceivably be much

overlap in prey types among Serrivomer of various sizes.

Serrivomer brevidentatus

Although only 8 specimens of this species were collected, with 5
having empty stomachs (37.5%Z with food), the stomach contents of the 3

with food were compared with the findings for Serrivomer beanii. Only

euphausiids were found in the stomachs of S. brevidentatus. The only

identifiable material was identified as Stylocheiron sp., the vertical

distribution of which generally is deeper than that of the

Nematoscelis sp. found in S. beanii (Mauchline and Fisher, 1969).

Most of the S. brevidentatus were captured from deeper stations than

S. beanii. Beebe and Crane (1936), in their review of the family
Serrivomeridae, noted that they are all fast swimmers with similar

food habits. The stomachs of S. brevidentatus that they examined

contained crustacean material. Competition for food and space may be
lowered by modal differences in the depth ranges occupied by the two

species.
Family Derichthyidae

Derichthys serpentinus

Seventeen specimens were examined for this study. In additionm,

the data from 17 specimens examined from cruise CI-73-10 and reported
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by Sedberry (1975) were added to the present findings, and the

combined data were analyzed.

Of the 34 specimens, 23 (67.67%) had food items present. The diet

consisted largely of Sergestes arcticus (38.4% frequency, 71.6%

volume, Table 4a) as Sedberry (1975) noted previously. Beebe (1935a)
also reported the presence of Sergestes and shrimp remains in five
Derichthys he examined. The only other prey found were euphausiids

(Meganyctiphanes norvegica and Stylocheiron sp.) which came from the

stomachs of Derichthys <200 mm in length.

Depth of capture did not appear to influence prey type, but time
of day seemed to have an effect. Sedberry (1975) noted indications of
possible daytime feeding in Derichthys. He found freshly ingested
shrimps in the stomachs of day-captured specimens, but only well
digested material in the night captured animals. Figure 3a shows that
higher percentages of stomachs with food were found at night and early
morning (0001-1200), with the lowest values occurring between
1801-0000. Despite this, only partly to well digested prey were found
at night. Freshly ingested shrimp were only found in specimens taken

between 1100-1900 hrs.

Based on the digestive states of prey found, feeding probably
occurred during the day, with slow digestion taking place during the
night. The percentage of empty stomachs during the day may be
correlated with increased escape by prey due to higher illﬁmination

levels. The lowest percentage of stomachs with food (1801-0000 hrs.)
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Figure 3. Feeding intensities in (a) Derichthys serpentinus, and (b)
Nessorhamphus ingolfianus over a 24 hr. period
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was probably due to upward migration of Sergestes out of the vertical

range of Derichthys.

Derichthys appears to be a rapidly swimming predator which
visually cues on its prey. The heavy muscular body and large eyes are
evidences for this type of feeding pattern. In addition, they appear
to be rarely taken by conventional midwater nets (Beebe 1935a, Castle,
1970, personal observation) indicating either an ability to escape
capture, or a more frequent near-bottom presence, away from the nets'

fishing range.

Intact specimens of Sergestes were all found to have been
swallowed tail-first, which may indicate that Derichthys minimizes
prey loss by cutting off the escape route for the prey, as shrimps

normally dart backwards in response to disturbance (Barnes, 1974).

Because Sergestes is known to hang vertically in the water column
in a head—upward position (Mead and Earle, 1970), Derichthys most
probably attacks from below. Submersible observations (Musick, pers.
comm.) support this theory. During a dive in D.S.R.V. Alvin in
Norfolk Canyon (37°03.1'N 74°41.4'W, 656 m bottom depth, 1524 hrs),

Musick observed "a Derichthys serpentinus ca. 12" long in midwater at

depth of 585 m...feeding, snapping head back with violent motion every

couple of minutes...eel was more or less vertical in water column.”
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Nessorhamphus ingolfianus

Euphausiids and sergestids were the only identifiable food items,
found in 23 (71.9%) of 32 stomachs examined (Table 4b). Euphausiids,
however, were the principal food, comprising the bulk of the
percentage in all categories (frequency 87.0%, numerical abundance,
86.3%, and volume, 69.27%, Table 4b). Four species of euphausiids
were identifiable. These were, in decreasing order of importance,

Nematoscelis sp. (IRI=1413), Euphausia krohnii (IRI=820), Stylocheiron

sp. (IRI=47), and Meganyctiphanes norvegica (IRI=19). Those that were

relatively intact all measured 20 mm in length, indicating that N.

ingolfianus may be size selective towards prey.

Nessorhamphus appears quite similar in overall body structure to

Derichthys, and both probably exhibit an active foraging strategy.
Also, both have well developed eyes and appear to be only rarely
captured by midwater trawls (Beebe, 1935b, personal observation). Jaw
structure appears quite different in the two eels, however.

Nessorhamphus has a much smaller gape and throat than Derichthys and

would conceivably have a difficult time swallowing the larger

sergestids. The single Sergestes arcticus found was from a specimen

270 mm long, which is towards the upper end of the size range for

Nessorhamphus. Beebe (1935b) found euphausiids (Thysanopoda sp.) and

a small Sergestes in 6 stomachs he examined. Differences in feeding
habits may allow these two species to broadly overlap in vertical and

horizontal distribution, with minimnal competition for prey.
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Sedberry (1975) from whom some of the Nessorhamphus data (6

specimens) was received, noted that N. ingolfianus may come quite

close to the bottom because it often appears in otter trawl catches.
This is also true of Derichthys, and both frequently occurred in the
same hauls together. Their bodies appear heavier than those of

typical midwater eels (e.g. Serrivomer).

Their proximity to the bottom may also be related to the high
percentage of specimens taken with food during the day (Fig. 3b).
Observers in submersibles have noted that large numbers of sergestid-
and euphausiid- like shrimps, as well as other crustaceans may be
concentrated near the bottom along the continental slope (Musick,
pers. comm.). This concentration may be especially pronounced during
the day, when the zooplankton are at the deepest point of their
vertical migration (Marshall and Merrett, 1977). This abundant prey
probably ascends at night out of the depth ranges of the largely

non—migratory Derichthys and Nessorhamphus.

Suborder Saccopharyngoidei
Family Eurypharyngidae

Eurypharynx pelecanoides

As would be expected with a true bathypelagic predator, the prey
items ingested were of a wide variety, and the percentage of empty
stomachs was high, with only 6 (37.5%) of 16 stomachs containing any
food. Prey items included unidentified copepods, an unidentifiable

ostracod, teleost remains, a caridean shrimp (Acanthephyra sp.), and a
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holothurian (Family Molpadidae?). No prey preference could be

determined.

Ebeling and Cailliet (1974) noted that in a bathypelagic,
food-scarce environment, the feeding strategy should be such that any

item encountered is eaten. This appears to be so with Eurypharynx.

Examination of size and depth of capture and prey composition shows

that both may influence the diet of Eurypharynx (Table 5). The

smaller, more shallowly captured Eurypharynx ingested the smaller food

items (copepod, ostracod), while a wider variety of material occurred
in stomachs of larger fish captured deeper. The data, however, were
very scanty. Diel feeding analysis revealed empty stomachs between
midnight and noon. As the overall sample size was small, this may

reflect sampling error.

The presence of the molpadid (?) holothurian in one stomach

suggests that Eurypharynx may feed on the bottom. Marshall (1954)

noted the presence of a sea urchin in the stomach of a Eurypharynx

stating that it "... must have been picked off of the sea floor." The

mechanism by which Eurypharynx could pick animals off the bottom is a

mystery, as the jaws are enormous and extremely fragile (met feeding
is precluded for this latter reason because all but one specimen came
to the surface with totally mangled jaws). Creation of suction by
opening the mouth is a possibility, although Robins (pers. comm.)
feels that the jaw musculature is far too weak to create a suction.

The presence of an Acanthephyra sp. in a stomach may also point to

near bottom feeding by Eurypharynx, as Omori (1974) showed that
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SIZE AND DEPTH OF CAPTURE OF Eurypharynx pelecanoides
IN RELATION TO PREY TYPE INGESTED.

SIZE(mm) NO. EXAMINED NO. EMPTY PREY TYPES
< 200 2 1 Copepod, Ostracod
201-300 1 T mee--
301-400 2 1 Crustacean fragments
401-500 10 7 Acanthephyra sp., fish remains,
Holothurian (Family Caudinidae?),
unidentified material
DEPTH (m) NO. EXAMINED NO. EMPTY PREY TYPES
< 1500 1 1
1501-~2000 9 7 Crustacean fragments, copepod,
ostracod
2001-3000 5 2 Acanthephyra sp., fish remains,

Holothurian (Family Caudinidae?),
unidentified material
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Acanthephyra approach the bottom as they grow older, and the genus is

abundant in otter trawl hauls in the present study area (Wenner,

1979).

Order - Salmoniformes
Suborder - Stomiatoidei
Family - Gonostomatidae

Gonostoma elongatum

Of all fishes examined G. elongatum had the second highest
percentage of stomachs with food. Forty-eight specimens were examined
of which 42 (87.5%) contained food. Although Gonostoma fed on a wide
variety of prey items (Table 6a), only the euphausiids (76.2%
frequency of occurrence) and hyperiid amphipods (38.1% frequency of

occurrence) were significant components of the diet (Fig. 4a).

The euphausiids were the most important in all categories (76.2%
frequency, 80.37% numerical abundance, and 63.27% volume), with

Nematoscelis sp. (one of which was identifiable as N. megalops),

Meganyctiphanes norvegica, Euphausia krohnii, and Thysanopoda sp.

being found in decreasing order of abundance and importance. Although

numerical abundance of Nematoscelis sp. was far greater than

Meganyctiphanes (47.1% to 8.5%) M. norvegica displaced more than half

of the volume of Nematoscelis (14.47 vs. 26.7%Z) as the specimens were

much larger than Nematoscelis (23-34 mm vs. 20 mm).

All of the amphipods found were members of the family Hyperiidae.

The species included Parathemisto gaudichaudii, Vibilia armata, and
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(a) Gonostoma elongatum. Percent occurrence by high
taxonomic groups by number, volume, and frequency of
occurrence. (b) Feeding intensities in Gonostoma elongatum

over a 24 hr. period

Figure 4.
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one very large (35 mm) specimen of Phronima sedentaria. There was no

significant difference in the importance of the species consumed
(Table 6a). Although amphipods frequently were found in stomachs
(38.1% overall), numerical abundances (0.3-2.7%Z), volumes (0.5-3.4%)
and frequencies of occurrence of individual species (2.4-7.1%) were

quite low.

Table 6b shows the presence of prey items in stomachs during
various seasons. Euphausiids dominate in the spring and winter,
amphipods in summer, and both occur in the fall. This may indicate a

dietary shift in Gonostoma elongatum based on changes in prey

abundances with season. Several Gonostoma captured in the spring had

obviously distended stomachs which contained from 28-41 Nematoscelis

Sp.

Decapods (Sergestes sp.) and fishes were occasional components of
the diet. The fishes included a Cyclothone sp., and unidentifiable

myc tophid, and a paralepidid.

The presence of the paralepidid, as well as the amphipods (most
of which were in the larger size ranges for their respective species),
both noted for their ability to swim rapidly (Rofen, 1966; Bowman and

Gruner, 1973), indicates G. elongatum is a fast moving predator.

Size of G. elongatum and depth of capture showed no relation to

prey type, but there appeared to be a diel change in feeding. Figure



TABLE 6b

CHANGE IN DIET COMPOSITION OF EUPHAUSIIDS AND HYPERIID AMPHIPODS
(MAJOR PREY ITEMS) WITH SEASON FOR Gonostoma elongatum
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SEASON NO. EXAMINED NO. EMPTY 7% AMPHIPODS % EUPHAUSIIDS
Spring 11 0 18.2 90.9
Summer 6 0 83.3 33.3
Fall 22 5 47.1 82.4
winter 8 1 28.6 85.7
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4b shows that Gonostoma feeds most heavily from midnight through noon,

with a decline through the afternoon and evening period.

The period 1801-0000 comprises time in which vertically migrating
animals are ascending towards the surface. G. elongatum is known to
be a constituent of this migratory activity (Grey, 1964; Krueger and
Bond, 1972; Clarke, 1974) and individuals with empty stomachs may
represent new arrivals to the surface waters, animals still migrating
upwards, or those remaining at depth and not feeding. This last
possibility could be the explanation, because the specimens with empty
stomachs during this period all came from trawls fished around 2000 m

depth.

Gonostoma bathyphilum

Gonostoma bathyphilum is the only species of all those examined

which apparently regularly regurgitated its food upon capture.

Eighteen specimens were examined of which 6 (33.3%) still had food in
their stomachs. Of the remaining 12, approximately 7 showed signs of
forcible evacuation of stomach contents, i.e., food remains in mouth,

and inward contraction of stomach.

Of the intact stomachs, 2 had fish remains (one of which was

Ceratoscopelus maderensis), 3 had unidentifiable material, and one had

echinoderm fragments. The presence of the echinoderm material is

interesting because G. bathyphilum is known to occur quite close to

the bottom. Observers in submersibles have noted it within several

meters of the bottom (Musick, Sulak, pers. comm.), and a freshly
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ingested specimen was found in the stomach of Bathysaurus ferox

(personal observation), a usually sedentary benthic piscivore, which
occasionally darts off the bottom a short way (1 m) to capture prey

(Musick, pers. comm.).

Because G. bathyphilum possesses the typical weakly ossified,

poorly muscled, watery body found in bathypelagic fishes (Marshall,
1971) it probably is a lethargic predator, feeding only when prey come
within range. It may augment this sparse diet by feeding on animals

near or on the sea floor.

Family - Sternoptychidae

Argyropelecus aculeatus

Fifteen specimens were examined, of which slightly more than half
(8 specimens, 53.3%) had food in their stomachs. Three specimens
however, had their stomachs everted through their mouths due to
expansion of the swim bladder, and were excluded from further

analysis. Thus, 66.7%Z of Argyropelecus with intact stomachs had food.

Those specimens preyed on a limited range of prey items; euphausiids,
gelatinous zooplankton, and hyperiid amphipods were the most
important. One unidentifiable cephalopod was also found. The
euphausiids were the most important component in the diet, but the
jelly plankton (primarily salps in this case but the term also
includes siphonophores and hydromedusae) were nearly as important on a
volumetric basis as the euphausiids (36.8% vs. 38.7Z, respectively)

and occurred in a number of stomachs (37.5%, Table 7).
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Although limited, an examination of seasonal diet data indicated
that hyperiid amphipods were most important in the summer. Summer was
also the only time during which jelly plankton were consumed.

Hyperiid amphipods and salps are known to exhibit a commensal to
parasitic relationship (Harbison et al. 1977; Madin and Harbison,
1977). Data for diel feeding were also weak, but it appeared that
peak feeding occurred at night (1801-0000 hrs., Fig. 5a) which is
understandable, as A. aculeatus is a common component of the surface
waters at night (Schultz, 1964, Baird, 1971, personal observation).
The findings of this study differ from those of Merrett and Roe (1974)
who examined 42 A. aculeatus from the Eastern North Atlantic, and
found them to be selective for conchoecid ostracods. Regional
variation in plankton abundances is the most probable reason for the
discrepancy, as copepods and ostracods were common in Merrett and

Roe's study area, but do not appear to be so around Norfolk Canyon.

A. aculeatus may be capable of rapid pursuit of prey. This is
evidenced by its ability to migrate over quite large vertical
distances (300 m or more, Baird, 1971), and by the presence of a

cephalopod in one stomach.

Sternoptyx diaphana

Stomachs of 19 specimens were examined, of which 1 was found to
be everted as a result of swimbladder expansion. Sixteen of the 18

specimens with intact stomachs (88.97%) had food in them. Thus, S.
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Figure 5. Feeding intensities in (a) Argyropelecus aculeatus and (b)
Sternoptyx diaphana over a 24 hr. period
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diaphana had the lowest percentage of empty stomachs of all species

examined.

The euphausiids (Nematoscelis megalops and N. sp.) were the major

constituents of the diet of S. diaphana, comprising 71.9% of the
volume, and 58.2% of the number of prey items (Table 8a). The

hyperiid amphipod, Parathemisto gaudichaudii, was the second most

important prey item. Seasonally, it equalled the euphausiids in
importance in the summer (Table 8b). Ostracods (Family Halocypridae,
Subfamily Conchoecinae) and fishes were minor constituents of the

diet.

Sternoptyx appeared to feed most heavily between noon and early
morning (1200-0600 hrs. Figure 5b). The reason for the higher
percentage of empty stomachs between 0601-1200 hrs. may be explained
by small sample size. Hopkins and Baird (1973) indicated little
feeding periodicity in Sternoptyx and it is most probable that this is

the case in Norfolk Canyon.

Hopkins and Baird (1973) examined 13 stomachs of S. diaphana from
regions they labelled "NW Atlantic Pocket”, which includes the present
study area, and 21 specimens from the "WN Atlantic Central”, roughly
the Northern Sargasso Sea. Dietary analyses showed an extremely wide
range of prey. In the NW Atlantic Pocket, fish, hyperiid amphipods

(of a number of genera other than Parathemisto), copepods, and

ostracods formed the major prey groups, with euphausiids and other

prey groups in relatively low abundance. The WN Atlantic Central
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TABLE 8b

CHANGE IN DIET COMPOSITION OF EUPHAUSIIDS AND HYPERIID AMPHIPODS
(MAJOR PREY ITEMS) WITH SEASON IN Sternoptyx diaphana
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SEASON NO. EXAMINED NO. EMPTY % AMPHIPODS % EUPHAUSIIDS
Spring 15 0 20.0 100.0
Summer 8 2 66.7 66.7
Fall 3 0 33.3 100.0
Winter 2 0] 0.0 50.0
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showed an even wider variety of prey (expected in the less productive,
more diverse, Sargasso Sea area), with diet preference shifting to
amphipods, chaetognaths, and ostracods. The authors thus concluded
that Sternoptyx is a random feeder of "limited pursuit capability”
which appears to take fewer, but larger food items, with the overall
diet being lower in diversity in regions overlain by cooler water

masses, because diversity of prey is lower there.

While Sternoptyx may have a short-range pursuit strategy since it
is a largely non—migratory, lower mesopelagic inhabitant, it appeared
to have an even more restricted diet (a result of selectivity?) in the

Norfolk Canyon area than was found by Hopkins and Baird.
Family - Chauliodontidae

Chauliodus sloani

Forty-two specimens, ranging in size from 60-242 mm were
examined, of which 22 (52.4Z) contained food. The only prey found in
C. sloani were myctophid fishes. The only identifiable remains were

all Ceratoscopelus maderensis. There was no change of diet noted over

the size range of the fish, depth of capture, or season. Over a diel
cycle, however, there seemed to be two peak periods, 0601-1200 and
1801-0000, during which the fish fed (Fig. 6a). This may be linked to
the upward and downward migrations of myctophids which may be exposed

in greatest numbers to Chauliodus at these times.
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Figure 6. Feeding intensities in (a) Chauliodus sloani and (b)
Stomias boa ferox over a 24 hr. period
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Borodulina (1972), reported on feeding of stomiatoid fishes
(chauliodontids, stomiatoids, idiacanthids) and noted that they
exhibited some diet specialization being primarily ichthyophages. 1In
the present study no more than the remains of a single fish was found
in any Chauliodus stomach. Those remains in which head and tail could
be distinguished were taken headfirst. Tchernavin (1953) theorized
that a light organ at the tip of the elongate first dorsal ray, and
additional light organs in and around the mouth served to attract

prey, which would then be taken head first.

Legand and Rivaton (1969)_examined C. sloani and 10 other species
of midwater fishes from the Indo-Pacific, and on the basis of feeding
habits, stomach contents, and quantitative prey-to-predator body
weights erected a two level trophic structure; level A included the 10
other species, characterized by low percentage of empty stomachs and
small prey items as indicators of highAtrophic activity, and level B,
occupied by C. sloani, which took fewer, larger prey less often,

exhibiting in essence a "snake—like" feeding strategy.

In the present study, the percentage of empty stomachs was much
lower than that found by Legand and Rivaton (1969) (47.6% vs. 69.5%).
In addition, extreme selectivity of prey (apparently one species of

myc tophid, Ceratoscopelus maderensis) seems to occur in Chauliodus

around Norfolk Canyon, as it is known to take a wider variety of prey
in other areas (Morrow, 1964a; Legand and Rivaton, 1969, Borodulina,

1972). Presumably both of these factors are related to prey
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abundance, because C. maderensis may be very abundant in Slope Water

(Backus et al., 1968, Krueger et al., 1977).

With respect to prey abundance and availability, Ceratoscopelus

maderensis occurs in huge schools and large numbers in Slope Water.
Backus et al. (1968) reported immense schools (10-15 individuals/m3 of
water) from submersible observations made in slope waters south of New
England (39°N 70°W). Krueger et al. (1977) estimated a concentration
of roughly 3.5 million individuals per square kilometer around 39°N,
72-73°W. The findings of this study (see Part I) show C. maderensis
to be the second most abundant.myctophid and third most abundant

midwater fish species overall around Norfolk Canyon.
Family - Stomiatidae

Stomias boa ferox

Of the 59 specimens of S. b. ferox examined, 36 (61.1%) had prey
in their stomachs. The stomach contents of Stomias were similar to
those of Chauliodus in that the only items found were myctophid

fishes. A number of these were identifiable as Ceratoscopelus

maderensis which ranged in size from 55-70 mm standard length. Two
myctophids taken from stomachs of Stomias captured in the fall were

found to be Diaphus dumerilii (50 and 55 mm). As with Chauliodus, all

prey were taken head first, and in all but two specimens only a single
prey item was found per stomach. In the other two, vertebral remains

were found in the gut along with freshly ingested prey.
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Borodulina (1972) examined 57 specimens of S. b. ferox and found
only three to contain any food, all of which were myctophids. He
theorized that this low percentage was due to regurgitation of stomach
contents in the net, a situation which rarely occurred in the Norfolk
Canyon collections. Borodulina also suggested that Stomias,
Chauliodus and other "ichthyophages” migrated with the organisms of
the deep scattering layer (primarily myctophids) and then lay in wait
until prey came near enough to capture. This feeding strategy is
similar to the "snake-like" activity characterized by Legand and

Rivaton (1969) for their "trophic level B"” predator, Chauliodus

sloani. Stomias appeared to feed in the same manner.

Because Stomias and Chauliodus had broadly overlapping vertical
ranges, and fed on nearly identical prey, the data were analyzed to
see if there was any mechanism which might reduce direct competition
for food between the species. An examination of depth of capture and
number of empty stomachs (Table 9) reveals that most of the Chauliodus

occurred in deeper water than Stomias. Chauliodus peak abundance was

between 751-1000 m while most Stomias were found from 501-750 m.
Comparison of percent empty stomachs for the two species, indicated
that Stomias had a higher percentage of empty stomachs (50.0%) in the
751-1000 m range than in its peak abundance range (501-750 m, 23.37%
empty). Chauliodus showed the exact opposite trend, 77.7% empty
between 501-750 m, and only 38.5% empty from 751-1000 m. In addition,
comparisons of empty stomachs at other depth levels showed that

Stomias had a higher incidence of empty stomachs in deeper water,
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TABLE 9

DEPTH OF CAPTURE VS. PERCENT EMPTY STOMACHS COMPARED BETWEEN
Chauliodus sloani AND Stomias boa ferox

DEPTH OF CAPTURE (m)

SPECIES £200 201-500 501-750 751-1000 1001-1500 1501-2000 >2000
*
C. sloani = ===-=- 50.0 77.7 38.5 50.0 40.0 25.0
100.0* 33.3 23.3 50.0 75.0 71.4 0.0*

S. b. ferox

* - Percentages based on two or fewer specimens
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whereas Chauliodus empty stomachs are more often found in shoaler

waters.

In addition to this apparent spatial partitioning of feeding,
there also seems to be a temporal separation between the two species.
Figure 6a shows the diel feeding pattern of C. sloani with peaks at
0601-1200 and 1801-0000 hours. Stomias (Figure 6b) primarily fed
between 1201-1800 and 0001-0600 hrs. This temporal difference in
feeding periods between species suggests that Chauliodus feeds as the
prey move up and down, while Stomias feeds after the prey have
established themselves at thei; day or night depth levels. Clarke
(1974) noted that no individuals of Chauliodus under 120 mm occurred
within the upper 175 mm of water off Hawaii. Perhaps Chauliodus
uhdertakes a more limited vertical migration and so may commence
feeding while Stomias, which enters shallow water layers at night

(Gibbs, 1969), is still migrating.
Family - Malacosteidae

Both malacosteid species examined in this study, Malacosteus

niger and Photostomias guernei are represented by very few specimens.

Because very little is known about the food habits of either, they

were included in the stomach analyses.

Malacosteus niger

Thirteen specimens of Malacosteus were captured, of which 10 were

available for examination. Only 4 (40.0%Z) of these contained food.
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The only identifiable food items were copepods, Paraeuchaeta

norvegica, found in 3 stomachs, with a euphausiid, Nematoscelis

megalops in the fourth. P. norvegica is a relatively large (ca. 7 mm)
copepod which is commonly found in the slope waters around Norfolk

Canyon (Grant, pers. comm.).

Little can be said of the feeding habits of M. niger due to small
sample size, and a lack of previous accounts. Although Borodulina
(1972) indicated that because of the expansible jaw apparatus,

Malacosteus should be able to swallow large prey, he examined no

specimens, and did not further elaborate on his statement.

From the jaw and body morphology, Malacosteus probably belongs to

the stalking predator or ambush group with Stomias and Chauliodus.
Its success at attracting prey may be lessened by lack of photophores
or luminescent barbels found in other stomiatoids (Morrow, 1964b), and

by its non-migratory habits (Clarke, 1974).

Photostomias guernei

Even fewer specimens of this species (5) were captured in

comparison to Malacosteus. However, 4 of the 5 (80.0%) contained

food. In all stomachs, only the remains of sergestid shrimps were

found. In the stomach of a 93 mm specimen, a 60 mm Sergestes arcticus

was found, demonstrating the ability of this species to engulf very
large prey in relation to its body size. In another stomach, a shrimp

identifiable as Sergestes sp. was also found.
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Photostomias may be more successful at capturing prey than

Malacosteus, because Photostomias undertakes vertical migrations from

daytime depths in the lower mesopelagic to quite near the surface at
night (Badcock, 1970; Clarke, 1974). This would allow it to utilize a

far richer prey source than Malacosteus, which does not migrate

(Clarke, 1974). Like Malacosteus, P. guernei possesses median fins

set well back on the body with large ventrals located on the posterior
half of the body (Morrow, 1964b). This general body morphology

suggests that Photostomias like Malacosteus utilizes a wait and strike

feeding strategy.

Order - Myctophiformes
Family - Myctophidae

Benthosema glaciale

Although Benthosema is the most common myctophid found in slope
waters (Nafpaktitis et al., 1977), and was represented by 139
specimens captured during the four cruises, only 12 were available for

stomach analysis (a large number of specimens apparently were lost).

Less than half (5 specimens, 41.7%) contained food. Only 2
contained identifiable prey, an ostracod of the suborder

Halocypriformes, and a hyperiid amphipod, Parathemisto gaudichaudii.

A number of published accounts on feeding in Benthosema exist.
These indicate that calanoid copepods and ostracods are the principal
prey items, but that euphausiids appear more frequently in larger fish

(> 30 mm S.L.), and that B. glaciale feeds most intensively at night
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(Gjosaeter, 1973; Kinzer, 1977; Worner, 1979). Of these studies, only
Kinzer noted the occasional presence of amphipods even though Worner's
study material came from the same geographic location, indicating that

predation on amphipods is probably related to temporal abundances.

Ceratoscopelus maderensis

Ceratoscopelus was the second most abundant myctophid in the

Norfolk Canyon area, with a total of 84 specimens taken during the
four cruises. A large percentage of these apparently were lost or
discarded, as only 6 specimens were available for stomach analysis.
However, 12 specimens from the Norfolk Canyon area captured during
earlier cruises were also examined and included for analysis.

Thirteen of 17 (76.5%) examined had stomachs containing food. The

18th stomach was everted due to swimbladder expansion.

Euphausiids were the major dietary component (IRI=1430) as seen

in Table 10. Fish and copepod remains were also found.

Worner (1979) determined that the main food items of C.
maderensis in the coastal upwelling zone of NW Africa were calanoid

copepods, and that feeding was most intensive at night.

Differences in prey types found by Worner and the present study
may be attributed to the size of the fish examined; less than 257 of

the Ceratoscopelus examined by Worner (1979) were > 50 mm in length

while all but one specimen in this study were > 50 mm. Thus diet

change with increasing size, as occurs in Benthosema may be a factor,
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although geographic differences in plankton abundances may also be a

factor.

Too few stomachs were analyzed to determine seasonal or diel
trends. However, more shallowly captured specimens had a lower

percentage of empty stomachs than did those taken deeper.

Lampanyctus macdonaldi

A total of 19 specimens of this species were captured, 14 of
which were examined for stomach contents. Eight specimens (57.1%) had
food present in the stomachs. The variety of prey items ingested was
low (Table 11). The major prey taxon was the hyperiid amphipod

Parathemisto gaudichaudii, which was found in 75.0% of the stomachs,

and comprised 62.5%Z of the total number and 82.4% of the total volume
of prey items found. An unidentified copepod and an ostracod were

also found in separate stomachs.

Bowman (1960) noted that the genus Parathemisto is often the

overwhelmingly dominant component of the cool-water amphipod fauna.

Grant (1979) found P. gaudichaudii to be the numerically dominant

amphipod species in the surface waters at a station along the northern
edge of Norfolk Canyon. At Deepwater Dumpsite 106 (approx.
38°40'-39°00'N, 72°00'-72°30'W), Bowman (pers. comm.) has found that

although most of P. gaudichaudii are found between 75-150 m,

individuals may reach depths of 2000 m. Also specimens from the
surface in boreal areas may be carried to these depths by downwelling,

southward flowing currents.
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Nafpaktitis et al. (1977) indicate that L. macdonaldi occurs in
the lower mesopelagic into the bathypelagic as adults. Data show a
possible limited vertical migration into the lower mesopelagic. Thus,

Lampanyctus probably feeds at depth, because only one specimen (with

an empty stomach) was taken above 1000 m.

Lampanyctus macdonaldi has been seen quite close to, and even in

contact with the bottom (Craddock, pers. comm.). L. macdonaldi unlike

other typical bathypelagic species (e.g. Gonostoma bathyphilum) is a

relatively large muscular fish and apparently is capable of more
extensive swimming activity. However, because of the reduced pectoral
fin structure, it may utilize a wait—-and-lunge mode of feeding, as the
pectorals are important for braking and turning (Marshall, 1975).
Possession of small pectoral fins may render effective pursuit

difficult, especially with fast moving prey such as Parathemisto

(Bowman and Gruner, 1973).

Order - Beryciformes
Family - Melamphaidae

Scopelogadus beanii

Sixty-nine stomachs from S. beanii were examined, of which 52
(75.47%) were found to contain food. The main prey items of

Scopelogadus were hyperiid amphipods and gelatinous zooplankton.

Other prey included a bivalve mollusc, polychaete annelids, copepods,

halocyprid ostracods and fish remains (Table 12 a). Three genera of

amphipods were identified, Phronima, Vibilia, and Parathemisto, of
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which the first two were of approximately equal importance and about

twice as important as Parathemisto. The gelatinous zooplankton were

largely unidentifiable due to their fragile nature, however, Grant
(pers. comm.) determined that the majority appeared to be

hydromedusae, with some salps and one possible siphonophore.

Seasonal changes in diet composition were noted, both among
amphipod species (Table 13a) and overall prey type (Table 13b).

Vibilia propinqua, the most common of the two Vibilia species found,

occurred spring through fall, but most often in the summer. Vibilia

armata was found only in the spring. Parathemisto gaudichaudii

occurred in the winter, spring, and summer and was most common in the

latter season. Phronima atlantica also occurred spring through fall,

but dominated the fall stomach contents. Overall prey seasonality
(Table 13b) shows that amphipods were common spring through fall, with
a sizeable decrease during the winter period, while "jelly” plankters

were abundant only in summer and fall samples.

Although approximately the same number of specimens were examined
in spring and winter (12 vs. 13 respectively), very few amphipods or
gelatinous plankton were found in stomachs during the winter,

indicating a possible paucity of these prey during that time.

The species of amphipods taken are known to form parasitic

(Phoronima and Vibilia sp.) or commensal relationships (Parathemisto)

with various gelatinous zooplankton (Madin and Harbison, 1977;

Harbison et al., 1977). 1In fact, several Phronima atlantica and
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TABLE 13a

CHANGE IN HYPERIID AMPHIPOD PREY COMPOSITION WITH SEASON
(IDENTIFIABLE SPECIES ONLY) IN Scopelogadus beanii

SEASON NO.EXAMINED NO.EMPTY %V.propinqua %V.armata %Pa.gaudichaudii %Ph.atlantica

Spring 12 5 28.6 28.6 14.3 28.6

Summer 17 1 31.2 0.0 18.8 5.9

Fall 27 8 15.8 0.0 0.0 36.8

Winter 13 3 0.0 0.0 10.0 0.0
TABLE 13b

CHANGE IN DIET COMPOSITION OF HYPERIID AMPHIPODS AND GELATINOUS ZOOPLANKTON
(MAJOR PREY ITEMS) WITH SEASON IN Scopelogadus beanii

SEASON NO. EXAMINED NO. EMPTY 7% AMPHIPODS % "JELLY' PLANKTON
Spring 12 5 100.0 14.3
Summer 17 1 68.8 68.8
Fall 27 8 47 .4 47.4

Winter 13 3 20.0 30.0
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Vibilia propinqua were found within the remains of gelatinous

plankton. In contrast to Phronima and Vibilia, Parathemisto was

ingested in relatively low numbers. Madin and Harbison (1977) noted

that P. gaudichaudii rides on the outside of salps, and often swims

away when disturbed. Although amphipods and " jelly"” plankters were
consumed in roughly equal proportion summer through winter (Table
13b), during spring amphipods were found far more often than

gelatinous animals.

Several benthic organisms were found in Scopelogadus stomachs

including one specimen of a nut clam, Nucula sp., (identified by K.
Nilsen) and two polychaete worms, of either the family Polynoidae or
Aphroditidae (Gaston, pers. comm.). Thus, S. beanii must occur quite

near to or have contact with the bottom at times.

Scopelogadus beanii has a narrow jaw with extremely small teeth.

The gape, however, is quite large. Of all the members of the genus,
this species seems to be the most completely adapted for bathypelagic
living (Ebeling and Weed, 1963). It possesses typically reduced
ossification and musculature, and probably exhibits a lower metabolism

and lower activity levels.

Judging from jaw morphology and suggested activity levels, S.
beanii probably uses suction to engulf prey, either by lying in wait
for prey or slowly maneuvering to within a proper striking distance.
This second strategy is more probable, as "jelly"” plankton are

probably very limited in their ability to escape from predators.
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Suction feeding is hypothesized by Bertelsen (1951) for ceratioid
angler fishes, and must be more energy efficient in comparison to an
actively pursuing or lunge type of feeding strategy. Suction feeding

would allow Scopelogadus to be successful in feeding on the gelatinous

plankton, and could also enable S. beanii to ingest epibenthic

organisms (such as the polychaetes).

Thirty~four stomachs from specimens of Scopelogadus beanii

captured by midwater trawls away from the bottom were examined.
Twenty—two (64.7%Z) contained food. Although dietary components were
similar, the relative importances changed (Table 12b). Copepods were
the most important (IRI=1159), and comprised the most numerous prey
(31.9%). Fishes (of the genus Cyclothone), although still a minor
numerical constituent in the diet made up most of the volume (42.5%).
Euphausiids were also found. Hyperiid amphipods of the same genera as
found in the Norfolk Canyon material and gelatinous zooplankton still
were important components in the diet. Benthic prey items were

completely absent from the stomachs.

Perhaps at depths > 1000 m heaviest concentrations of gelatinous
plankton and amphipods might occur near the bottom rather than in the

water column. Thus, near—bottom Scopelogadus which feed heavily on

these prey items may be able to exploit these prey more fully while

Scop. beanii away from bottom influence must augment their forage with

other common pelagic prey (i.e. copepods, euphausiids). Musick (pers.
comm.) observed that gelatinous zooplankton (including medusae and

salps) were much more abundant within 30 m of the bottom than in the
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water column during a dive on the D.S.R.V. Alvin adjacent to the
Norfolk Canyon area. These observations were made during a transect

made by the submersible from 1900 to 1600 m depth.

As would be expected from a passive bathypelagic feeder, diel

feeding in Scopelogadus from near Norfolk Canyon, occurs at

approximately equal intensity throughout the 24 hr. period, with

percentages of stomachs with food being slightly higher during the day

(Figure 7).

Diel feeding data for the pelagically captured Scop. beanii is

available for only 18 specimens. Of 10 specimens captured in the
daytime, 6 (60.0%Z) had food in the stomachs, while at night, 6 of 8
specimens (75.07%) contained prey. While these data were insufficient
to evaluate quantitatively it is possible that prey (euphausiids,
copepods) migrating upwards at night become more available for

capture.
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Figure 7. Feeding intensities in Scopelogadus beanii over a 24 hr.
period
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GENERAL DISCUSSION

Bias of Data

Two different types of bias must be taken into account when
examining'food habits; feeding by captured fishes while in the net,
and regurgitation of stomach contents. Although some workers have
found net feeding to occur in high percentages in some midwater fishes
(Lancraft and Robison, 1980; Anderson, pers. comm.), net feeding was
highly improbable for all specimens examined in this study. This
judgement is based on two factors. First, capture by otter trawl
generally resulted in severe damage to the delicate specimens of
midwater fishes. Although mud was often found in the mouths and gilils
of many specimens examined, it was virtually absent in stomachs,
testimony for swift onset of death. Holton (1969) cited the similar

rapid death of Lampanyctus (= Triphoturus) mexicanus as evidence for

lack of bias from net feeding. Second, larger midwater species with

pronounced dentition (e.g. Chauliodus, Nemichthys) frequently were

found with their teeth tangled in the wings of the net (preventing
feeding). Third, net mesh size would allow most items of prey-size to

pass through (except for piscine prey items).

Regurgitation tends to bias feeding intensity and periodicity
data. Although it is a problem, it is often easier to quantify due to
presence of regurgitated material and everted stomachs in mouths. In
this study, other than stomach eversion caused by swimbladder

expansion in several hatchet fish and myctophids, obvious signs of
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regurgitation were found only in Gonostoma bathyphilum. Gonostoma

bathyphilum was noted frequently with the stomach contracted, and food

remains in the mouth consequently, therefore, only statements on prey
type were made for this species and those specimens of other species

with everted stomachs were excluded from analyses.

Prey Abundances and Selectivity of Feeding

Although plankton were collected in the Norfolk Canyon area
concurrently with the otter trawl collections, the plankton from these

collections has not been analyzed as of this writing.

Comparing published accounts of zooplankton abundance and
distribution in Slope Water with the stomach content data gathered
from this study may provide a general picture of plankton abundance
and availability near Norfolk Canyon. In addition, synthesis of these
various data may allow inferences to be made regarding possible

selective feeding in some of the fish species examined.

Studies by a number of workers (Bigelow and Sears, 1939; Clarke,
1940; St. John, 1958; Grice and Hart, 1962; Be et al. 1971) in the
upper waters (< 275 m) of the Western North Atlantic have shown that
as one samples from the shelf through the slope to central ocean
(Sargasso Sea) waters, zooplankton diversity increases while numerical
abundance and biomass decrease. Zooplankton community structure in
Slope Water varies with season, but generally shows intermediate
diversity values with abundance and biomass decreasing as depth

increases.
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Below 275 m, Vinogradov (1970) noted that in the Western North
Atlantic slope waters, despite the general decrease in abundance with
water column depth, a distributional and "enrichment” (= biomass)
maximum occurs around 600 m water depth with a distinct minimum
between 1200-1400 m, below which biomass once again generally
increases. Hopkins and Baird (1973) indicated that patterns of
diversity of the plankton in upper water layers in the North Atlantic
Ocean were similar to diversity patterns exhibited by the potential

prey of Sternoptyx diaphana, a non-migrating, lower mesopelagic

inhabitant. The results of these studies suggests that a moderate
diversity and abundance of prey may be available to midwater predators

in the slope area.

The planktonic taxa found in collections made in Slope Water were
analyzed by Grice and Hart (1962) and Be et al. (1971). Their
findings agreed closely. Copepods and chaetognaths formed major
constituents of the plankton both numerically and volumetrically.
Ostracods appeared to be variable, being second in importance in the
latter study, but considered unimportant in the collections of the
former. This may be due to geographic or temporal variability.
Euphausiids, amphipods, and decapods were less abundant, possibly
reflecting gear selectivity. Salps and other gelatinous plankters
also were variable in that they frequently formed a major percentage
of sample volume, but occurred sporadically. In addition,
difficulties in analyzing numerical and volumetric parameters usually

resulted in gelatinous plankton being excluded from analysis.
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The stomach contents of planktivorous fishes, especially
generalized or random feeders, may reflect the relative abundances of
various prey taxa, i.e., they may feed on the organisms most easily
obtainable. This has been documented by a number of workers examining
dietary components of midwater fishes (Cailliet, 1972; Gjosaeter,
1973; Hopkins and Baird, 1973; Baird et al., 1975; Kinzer, 1977;

Gorelova, 1978; Pearcy et al., 1979).

The faunal composition of the food of fishes examined in this
study were very different from published accounts of the composition
of zooplankton from Slope Watgr (Grice and Hart, 1962; Be et al.,
1971). The three major planktonic groups found in the Slope Water,
the copepods, ostracods, and chaetognaths were unimportant or
non—existent in the diets of the dominant midwater fish species

examined.

This is somewhat puzzling if it is assumed that the majority of
these species conform to the "catch whatever you can” type of feeding
strategy. The complete absence of chaetognaths was especially
peculiar since many accounts (Hopkins and Baird, 1973; Merrett and
Roe, 1974; Baird et al., 1975; Kinzer, 1977; Gorelova, 1978; Pearcy et
al., 1979; WSrner, 1979) list chaetognaths as midwater fish prey,
ranging from unimportant to relatively common components of the diet,
depending on fish species and geographic locations. Vinogradov (1970)
and Grant (pers. comm.) describe chaetognaths as an important element
of the slope plankton, with vertical distribution of species well

overlapping those of the midwater fishes examined for this study.
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Mobility and size of chaetognaths were probably not factors in
their absence, because relatively small, slow-moving predators (such

as Sternoptyx diaphana, have been found to have them in their stomachs

(Hopkins and Baird, 1973). Thus, the complete absence of chaetognaths
as dietary components of midwater fishes in Norfolk Canyon is

inexplicable at present.

Table 14 presents a listing of identifiable prey taxa recovered
from all fish stomachs examined in this study with percentages of
frequency of occurrence, numerical abundance and volumetric
displacement for each group. Crustacean items predominate both in
frequency and numerical abundance (47.1 and 67.8%), whereas fish
remains constitute the bulk of the volume (61.27%7). If the two totally

piscivorous species, Chauliodus sloani and Stomias boa ferox, have

their stomach contents removed from consideration, then the

crustaceans overwhelmingly dominate in all categories.

Figure 8 illustrates the percentages of the frequency of
occurrence, numerical abundance and volumetric displacement of the
major prey taxa relative to one another. The euphausiids make up the
bulk of the crustacean prey in all categories but volume displacement.
Amphipods (Hyperiidae) were second in frequency of occurrence, while
decapods (Sergestidae) were first in volume but third in the other two
categories. Copepods and ostracods formed very small percentages of
the diet and were never important in any single species, save for

Malacosteus niger and pelagically captured specimens of Scopelogadus

beanii, in which copepods (Paraeuchaeta norvegica) dominated.




PERCENT FREQUENCY OCCURRENCE (F), PERCENT NUMERICAL ABUNDANCE (N),
AND PERCENT VOLUMETRIC DISPLACEMENT (V) OF IDENTIFIABLE PREY TAXA

TABLE 14

RECOVERED FROM THE STOMACHS OF ALL PREDATORS

TAXON F N \Y

Mollusca Pelecypoda 0.2 0.1 <0.1

Cephalopoda 0.8 0.3 1.3

Total 1.0 0.6 1.3

Annelida Polychaeta 0 0.2 <0.1

Echinodermata 0.2 0.1 <0.1

Crustacea Ostracoda 1.8 1.3 <0.1

Copepoda 2.3 3.2 0.2

Amphipoda (Hyperiidae) 16.6 14.6 3.4

" (Gammaridea) 0.2 0.2 0.1

Euphausiacea 2334 43.4 8.1

Decapoda (Penaeidea) 10.8 5.2 13.8

" (Caridea) 0.2 0.1 1.2

Total 47.1 67.8 27.3

Gelatinous Zooplankton* 7.8 3.6 1.1
Pisces Teleostei 9.1 9.2, 6 61.2
(4.3)77 (2.1)"7 (3.6)7

* - Gelatinous Zooplankton is an inclusive term encompassing

salps, hydromedusae, and siphonophores.

*% - Values after totally piscivorous species (C.sloani and

S.b.ferox) are removed.
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Figure 8. Relative Percentages of Frequency of Occurrence. Numerical
Abundance, and Volumetric Displacement of Major Prey Taxa.
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Gammaridean amphipods and caridean decapods were insignificant dietary

components.

Selectivity may account for the discrepancies between prey type
and apparent prey abundances. Feeding selectivity may occur with
respect to size of prey ingested, whereas taxonomic selectivity is
indicated when specific prey taxa are eaten in quantities
disproportionate to their abundances (Hopkins and Baird, 1977).
Morphological specializations of predator species, especially with
respect to their jaw structures, may result in a narrow range of prey

types being eaten (e.g. Mead and Earle, 1970, on Nemichthys).

Such selective strategies in midwater fishes have been
demonstrated. Several studies (Paxton, 1967; Samyshev and Schetinkin,
1971; ngsaeter, 1973; Hopkins and Baird, 1973; Kinzer, 1977;
Gorelova, 1978; Pearcy et al., 1979; Worner, 1979) have found a
positive correlation between prey size and fish size. Merrett and Roe
(1974) examined plankton abundances, diversity, vertical distribution
and feeding habits of several species of mesopelagic fishes in the
Eastern North Atlantic. Based on relative plankton abundances from
plankton trawls and percentages of the different plankton groups in

fish stomachs, they concluded that three species, Valenciennellus

tripunctulatus, Argyropelecus aculeatus, and Lampanyctus cuprarius,

were selective for copepods, ostracods, and amphipods respectively,

while a fourth species, Notolychnus valdiviae actively selected

against ostracods. Two other species, A. hemigymnus and Lobianchia

dofleini, appeared to feed randomly. Samyshev and Schetinkin (1971)
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found that Maurolicus muelleri, Diaphus dumerilii, Lepidophanes

guentheri and D. taaningi showed prey size and taxonomic selectivity

off northwest Africa.

Size selectivity, i.e., larger individuals of a predator feeding
on larger prey items, appeared to occur in most species examined in
this study. Relatively few small fishes of any species were captured
by the otter trawl, because they either escaped through the meshes of
the trawl, or were absent (see Table 1lb for ranges and mean sizes of
fishes examined). Thus, euphausiids, amphipods and sergestids may
have been important food items(in the study area despite their lower
relative abundances in Slope Water because the midwater fishes
captured were mostly larger individuals. The identifiable copepod

species, Paraeuchaeta norvegica, usually was represented by specimens

8-10 mm in length which seems to support the idea that larger
zooplankton may have been selectively preyed upon. Table 15 lists the
fish species examined with apparent feeding pattern and major prey

types.

Size selection of some prey species also appeared to occur. Most

of the intact euphausiids (Nematoscelis megalops, Euphausia krohnii,

and Meganyctiphanes norvegica) appeared to be in the uppermost size

ranges for their respective species (20-35 mm). Amphipods

(Parathemisto gaudichaudii, Vibilia propinqua, V. armata, and Phronima

atlantica) found in the stomachs of Scopelogadus beanii were usually

small in size (< 10 mm). This was the size range reported by Madin

and Harbison (1977) and Harbison et al. (1977) for these species, when
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LIST OF PREDATORS WITH RESPECT TO FEEDING STRATEGY
AND MAJOR PREY TYPE

SPECIES STRATEGY MAJOR PREY TYPE
N. scolopaceus Selective Sergestes arcticus
Serr. beanii ~ Random Euphausiids, fishes, cephalopods
Serr. brevidentatus  =-===-===- Euphausiids
N. ingolfianus Selective Euphausiids
D. serpentinus Selective Sergestes arcticas
E. pelecanoides Random Fishes,invertebrates
G. elongatum | Selective Euphausiids
G. bathyphilum~ =  =---==-== Fishes, invertebrates
A. aculeatus Random Euphausiids, ampphipods, gel.plankton
S. diaphana Random Euphausiids, amphipods
C. sloani Selective Ceratoscopelus maderensis
E.Q.ferox Selective Ceratoscopelus maderensis
M. niger”™ .= = --------- Paraeuchaeta norvegica
P. guernei %  Tmmmmmemes Sergestes arcticus
C. maderensis = = = «--cce-o-- Euphausiids
E. glaciale™ = —ccc--a-- Mixed
L. macdonaldi Selective Parathemisto gaudichaudii
Scop. beanii Selective Amphipods, gelatinous zooplankton

* - Denotes small sample size from which no strategy can be

determined.
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associated with gelatinous zooplankton. In Lampanyctus macdonaldi,

which in the present study fed solely on P. gaudichaudii, and

Gonostoma elongatum, stomachs of which contained P. gaudichaudii,

Vibilia sp., and Phronima sedentaria, the mean size of the amphipods

was approximately twice as large as that of specimens ingested by

Scopelogadus.

Size selection of prey also apparently occurred in the piscivores

Stomias boa ferox and Chauliodus sloani. The two prey species

recovered from Stomias, Ceratoscopelus maderensis and Diaphus

dumerilii, ranged from 55-70 mm and 50-55 mm respectively, with a mean
length of 61.9 mm for C. maderensis, while the only relatively intact
prey item in Chauliodus, a C. maderensis, was approximately 50 mm.
This size selection may be a function of the numerical abundance of
prey of this size. Backus et al. (1968) commenting on vast schools of
C. maderensis in Slope Waters off New England, noted "There was very
little variation in the size of the fish in the schools...had a mean
length of 62.4 mm...range of 52-74 mm."” These figures closely agree

with the range and mean length of C. maderensis in Stomias stomachs.

Morphological modifications of the jaw structure in several of
the fish species examined was probably a contributing factor in the
prey type ingested. The specialized feeding of Nemichthys has already
been discussed elsewhere in this study and will not be repeated here.
Other species exhibiting such jaw and feeding specialization were

Chauliodus sloani, Stomias boa ferox, and possibly Nessorhamphus

ingolfianus.
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Chauliodus and Stomias both have obviously exaggerated dentition,

used for piercing and holding large prey items. In addition, both
have a specialized skeleton which allows the head and jaw to be
pivoted in such a way that large prey can be ingested (Tchernavin,
1951; Morrow, 1964). Such adaptations certainly play roles in both

species' primarily piscivorous dietary habits.

There is apparently no published evidence that indicates

specialized feeding mechanisms or habits for Nessorhamphus, however,

as mentioned in the feeding account for this species in the present
study, the gape is not large, and the throat is quite narrow when
compared with other midwater eels (pers. obs.). It may be that this
allows feeding primarily on smaller prey items such as the

euphausiids.

The habits of the plankton themselves may also allow fishes to
more easily prey upon them; selection for a prey source requiring a
minimal energy expenditure for capture. For example, the gelatinous
zooplankters are not very rapid swimmers, which may enable slowly

moving predators such as Scopelogadus beanii to easily approach and

ingest them. The head upward—antennae downward orientation of
sergestids enhances contact and subsequent entanglement in the jaws of
Nemichthys (Mead and Earle, 1970). Vertical movements of various
organisms may allow for increased predation as they ascend and/or
descend through the habitats of various predators (Merrett and Roe,

1974; Marshall and Merrett, 1977).
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A second explanation which may account for the difference between
apparent plankton abundances and stomach contents is that of the
near-bottom interaction of predators feeding on richer sources of
pelagic food occurring close to the bottom. Sedberry (1975) stated
that "Turbidity currents may indirectly play an important role in the
nutrition of fishes which feed on pelagic prey by resuspending
detritus particles and increasing the food supply for planktonic
animals near the bottom..."™ Although this statement was made with
respect to increased availability of pelagic prey for benthic
predators, pelagic predators living near the Continental Slope would
also have access to an enriched prey source. Omori (1974) noted that
shrimps occur where food concentrations are greatest. This
near—bottom particulate layer could serve as a richer food source than

would the depauperate water column.

Submersible passengers (Sulak, pers. comm.) have observed
concentrations of sergestid-like shrimps and unidentified euphausiids
within a short distance of the bottom. A number of studies have shown
that euphausiids may congregate near bottom, especially during the
day. Mauchline and Fisher (1969) provided evidence for the common

presence of Meganyctiphanes norvegica near the bottom. McEachran et

al. (1976) noted M. norvegica as the only euphausiid species found in
the stomachs of four species of benthic skates (Raja spp.). Marshall
and Merrett (1977) found that the two most common species of

euphausiids of NW Africa, Nematoscelis megalops and Euphausia krohnii,
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approached close to the bottom. These three euphausiid species were

the most common prey species found in the present study.

Pelagic shrimps are known to undergo ontogenetic descent, with
adults generally occurring deeper than larvae or juveniles (Omori,

1974). Vertical migration of adult Sergestes arcticus may allow them

to closely approach the bottom over the Continental Slope. Crabtree
(pers. comm.) found that stomachs of the demersal macrourid Nezumia
bairdii, which were captured from a wide geographic range of statioms
from New England to Cape Romaine, S.C., and including the Norfolk
Canyon region, were filled with S. arcticus remains. Thus, taxonomic

selection of certain prey species (e.g. Sergestes, Nematoscelis) could

have been due to the more frequent presence of these species near the

bottom.

Near—-bottom concentrations of plankton may allow fishes that do
not migrate to congregate along this layer to utilize enriched food
resources. During the day, the downward vertical migration of fish
species may also bring them near the bottom in slope areas (Marshall
and Merrett, 1977). Various species of midwater fishes have been
noted near the bottom by observers in submersibles. This is
especially true of bathypelagic, non-migratory species such as

Lampanyctus macdonaldi (Craddock, pers. comm.) and Gonostoma

bathyphilum (Musick, pers. comm.). Presence of midwater fishes near

bottom had been corroborated by their presence in benthic or

benthopelagic fish stomachs. An intact specimen of G. bathyphilum was

recovered from the benthic piscivore Bathysaurus ferox (pers. obs.),
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and Sedberry and Musick (1978) noted the presence of freshly ingested

myctophids and Nemichthys scolopaceus in the stomachs of the demersal

eel Synaphobranchus kaupi.

The presence of benthic prey items in the stomachs of several
midwater fishes examined in this study is clear evidence for the
near-bottom interaction of individuals of pelagic fish species on at
least an occasional basis. Although not found in many species or
individuals (3 species, 6 specimens), benthic animal remains in
midwater fish stomachs establish the link to the utilization of food
from near the bottom. Interestingly, the three species of fishes
found with benthic prey in the stomachs were all bathypelagic

non-migrators (Scopelogadus beanii, Eurypharynx pelecanoides, and

Gonostoma bathyphilum). It is unlikely that the food was picked off

the bottom because of the jaw structure of these species. As Sedberry
(1975) suggested, perhaps strong bottom currents, suspend material
(detritus plus occasionally some benthic inhabitants) and near-bottom

midwater fishes are able to ingest the suspended benthic animals.

Prey Abundances and Dietary Trends

Dietary patterns were examined with respect to season of the

year, fish size, depth, and diel periodicity.

a) Season
Seasonal variation in prey composition was noted in several

species of midwater fishes examined; Gonostoma elongatum, Sternoptyx

diaphana, and Scopelogadus beanii. It is possible that other
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euryphagic species also changed their diet with season, but in many
cases, not enough specimens were examined to clearly delineate trends.
G. elongatum and S. diaphana are euryphagic primarily feeding on
euphausiids, but utilizing hyperiid amphipods as secondary components
in the diet. In the summer period, however, amphipods are the more
abundant prey item (Gonostoma, Table 6b) or are consumed equally as
often as euphausiids (Sternoptyx, Table 8b). Presumably, this shift
in abundance is due to increased presence of hyperiids in the study

area during the summer survey (cruise GI-75-08).

Bowman (1960) noted that Parathemisto often completely dominates

the cold—-water amphipod faunas. Grant (1979) found that Parathemisto

gaudichaudii was a dominant member of the neuston in fall, winter and

spring samples taken from 1976-1977 at station L6, located at the
northwestern edge of Norfolk Canyon (approx. 37°05'N, 74°35'W).
During the summer, however, it was apparently only occasionally taken.

Increased presence of P. gaudichaudii in Gonostoma and Sternoptyx

during the summer may be due to a downward migration of the amphipods

in response to increased surface temperatures. Parathemisto only

occurred in G. elongatum taken deeper than 700 m.

Gosner (1971) listed Vibilia spp. and Phronima spp. as primarily
Gulf Stream forms. Transport of these amphipods to the Norfolk Canyon
area may occur through the formation of anticyclonic eddies or warm
core rings, created by the pinching off of portions of Gulf Stream
meanders (Richardson, 1976). These eddies, which generally move

southward along the continental slope, commonly transport warm water
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organisms with them (Haedrich, 1972). Ruzecki (1979) noted that the
hydrography of Norfolk Canyon during cruise GI-75-08 was marked by the
presence of Gulf Stream Water transported to the canyon area by an
anticyclonic eddy. Thus, increased predation on amphipods may reflect

additional presence of transported material.

The diet of Scopelogadus beanii was composed of hyperiid

amphipods and gelatinous zooplankton. Presence of these items may
also have reflected seasonally varying abundance of the prey types, as
amphipods dominated in the spring, and were found in an equal number
of stomachs as the gelatinous zooplankton during the summer and fall.
Both groups were poorly represented in winter. The "jelly"” plankton
were found in greatest abundance in stomachs in the summer (Table

13b). This is similarly reflected in the diet of Argyropelecus

aculeatus which fed on euphausiids, hyperiid amphipods, and gelatinous
zooplankton. The gelatinocus plankton were only found in stomachs of

fish captured in the summer.

Several workers have documented alterations in prey composition
with season in midwater fish species. GjSSaeter (1973), examining

feeding in Benthosema glaciale, found that copepods dominated the diet

in summer, while euphausiids were an important component in winter.
He found that this directly correlated with abundances of these prey

groups, thus prey availability paralleled prey utilization.

Cailliet (1972) found that the diet of Leuroglossus stilbius in

the Santa Barbara and Santa Cruz basins off California related to
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availability of salps and larvaceans, the preferred prey. He noted
that in the Santa Barbara basin, where salps and larvaceans were
abundant year round, the diet remained stable. In the Santa Cruz
basin, the abundances of these prey declined during the warming summer

period, and smaller copepods became the dominant dietary constituents.

Collard (1970) and Cailliet (op. cit.) examined seasonal

variation in diet for Stenmobrachus leucopsarus and found that

selection of prey type varied with the abundance and diversity of prey

groups during different times of the year.

b) Size

Although difference in sizes of fishes has been found by
many workers to influence the type of prey selected (Paxton, 1967;
Collard, 1970; Gjasaeter, 1973; Merrett and Roe, 1977; Kinzer, 1977;
Clarke, 1978; Pearcy et al., 1979; Worner, 1979), such trends were not
found in this study, because of the limited size range of fishes

sampled, or small sample sizes of some species.

c) Depth

Depth also appeared to have little effect on prey type.
This may be due to extended vertical ranges of plankton over the slope
due to variable currents and nutrient levels or may reflect predator

activities.

Depth appeared to play a role in the feeding activities of

the predator species. When depth of capture was compared to percent



190

empty stomachs, many species appeared to have low percentages of empty
stomachs in certain depth strata. Table 16 lists a number of species
and their apparent preferred feeding strata. One species, Gonostoma
elongatum shows a broad range of feeding depths. The most likely
explanation is that it is the only migratory species listed in the
table and is able to feed throughout its migration‘ranges. The sudden
marked increase in empty stomachs below 2000 m suggests that specimens
of Gonostoma taken at greater than 2000 m are outside of their optimal

depth range.

Other studies of fishes that migrate upward at night
(ngsaeter, 1973; Merrett and Roe, 1974; Baird et al., 1975; Kinzer,
1977; Ozawa, 1977; Warner, 1979) have found that feeding in these
species occurs at night. DeWitt and Cailliet (1972) found that

Cyclothone signata, optimally fed most often within restricted depth

layers in its' habitat.

Pearcy et al. (1979) found that in Stenobrachius

leucopsarus, portions of the population did not ascend into surface

layers to feed, but rather, remained at depth and fed there. Although
many prey taxa were similar, the rank of various prey between shallow
and deep—dwelling specimens differed. In addition, deeper living prey

were also found in stomachs of deeper—dwelling Stenobrachius. This

suggests that optimal feeding depths for midwater fishes may not be

unimodal. This would apply to Gonostoma elongatum apparently.
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d) Diel Feeding Periodicity

Hopkins and Baird (1977) have reviewed various aspects of
feeding ecology in midwater fishes. Many of the vertical migrators
show distinct diel feeding periods, with intense feeding at night, and
little or no feeding during the day. Many of the species analyzed for
feeding periodicity in the present study also show cyclical feeding

patterns. The vertical migrators Gonostoma elongatum (Figure 4b),

Argyropelecus aculeatus (Figure 5a), Chauliodus sloani (Figure 6a),

Stomias boa ferox (Figure 6b) and Ceratoscopelus maderensis all showed

unimodal (G. elongatum, A. aculeatus, C. maderensis) or bimodal (c.

sloani, S. b. ferox) feeding periodicity. These peaks generally

occurred at night (1801-0000 and 0001-0600 hrs.).

Non-migratory species such as Derichthys serpentinus (Figure

3a), Nessorhamphus ingolfianus (Figure 3b), and Lampanyctus macdonaldi

exhibited periodicity as well. Peak predatory activities in these
species probably corresponded to movements of migratory prey through

the predators' habitats. Other species such as Nemichthys scolopaceus

(Figure 10 and Scopelogadus beanii (Figure 7) showed little or no diel

periodicity. Both of these species appeared to be selective and it
may be that the prey they utilized occurred at a relatively constant

level of abundance.

Trophic Structure and Feeding Strategies

Legand and Rivaton (1969) constructed a two level trophic

classification for 11 species of mesopelagic fishes. Trophic level A
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was composed of 10 species characterized generally by small body size,
low percentage of empty stomachs (which was presumed to indicate high
trophic activity) and a low prey—to-predator body weight ratio.

Trophic level B, comprising the single species Chauliodus sloani

displayed opposite characteristics.

One difference between their work and that of the present study
is that C. sloani specimens examined by Legand and Rivaton (1969) were
all 100 mm in length or smaller with roughly half of the specimens
only around 20 mm long. The small sizes of these specimens could have
accounted for a high percentage of empty stomachs due to lack of food

of a proper size.

Chauliodus sloani from the present study had a much lower

percentage of empty stomachs (47.67% compared to Legand and Rivaton's
69.5%). Only 2 out of 42 specimens examined were 100 mm or smaller in
length. A general trend was noted of decreasing percentage of empty
stomachs with increasing size. An additional difference is that the
species examined by Legand and Rivaton (1969) were trawled from 210 m
or less. Analysis of results obtained from the present study suggest
optimal depth levels for feeding activities. Large C. sloani were
found to have fed more intensively deeper in the water column. This
may be true for smaller specimens also and could explain the high

percentage of empty stomachs that was found by Legand and Rivaton.

Thus, conclusions concerning trophic position or feeding strategy

based on percentages of empty stomachs may be fallacious. Inferences
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made regarding feeding based on prey type and prey abundance, and
functional morphology of the predator species probably better reflect
actual trophic activities. The validity of morphological assumptions
seems to be supported by the few studies that have been done on
midwater fishes maintained in aquaria. Childress and Meek (1973)

studied the feeding activities of Anoplogaster cornuta, the

"Fangtooth“. This is a heavy bodied non-migratory beryciform found in
the lower mesopelagic zone. Examining the gross morphology of the
species, one notes the presence of small eyes, a small caudal peduncle
and tail in relation to body size, and an open lateral line system.
This would seem to indicate a fish which detects prey (or predators)
through tactile stimuli rather than by visual cues. The most

outstanding features of Anoplogaster are large bony head and big mouth

full of long fang-like teeth, and its large pectoral fins. The
inferences drawn from these characters denote a short range predator

that may ingest large prey, such as fishes or crustaceans.

Childress and Meek (op. cit.) suggested that Anoplogaster

apparently utilizes chemotactile stimuli to initiate feeding. The
stimuli eliciting a positive feeding response were those received in
the head and mouth region (when stimulated, a short lunge was the
response). Negative stimuli, causing movement away from the source,
were those received in the caudal or lateral line regions, indicating

possible response to predator activities.
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Feeding habits of a second species of midwater fish maintained in

aquaria, the mesopelagic zoarcid Melanostigma pammelas were studied by

Belman and Anderson (1979). M. pammelas is a small eel-like fish with
very large eyes, a small mouth, and reduced pectoral fins. 1In
addition, the body is enveloped within a gelatinous "envelope"” of
undifferentiated squamons epithelial cells (Anderson, pers. comm.).
From these features, M. pammelas probably feeds on small plankters
that it locates visually. The presence of the envelope and small
pectorals indicate low levels of swimming activity (cf. Stomias,
Chauliodus). The results of Belman and Anderson (1979) indicated that

Melanostigma used both a sight-lunge (visually cueing on prey and

striking at it from a distance of 1 body length or less), and
contact-suck (prey comes in contact with head region, and is engulfed
by suction) method of feeding, of which the former was more successful
than the latter. The general swimming activity was either motionless
in the water (or on the bottom of the aquarium), or by a sinusoidal

undulation of the body.

Based on prey types, anatomical and morphological appearances of
the predators, and previous published accounts, the fish species
examined for the present study showed two main feeding patterns active
foraging or passive (either drifting or wait—-and-lunge). Within both
the active and passive feeding patterns are species which seem to
selectively or randomly utilize prey. This may be function of
predator morphology, prey availability and other factors. Table 17

shows tentative feeding strategies for the species examined in this
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study, based on body morphology, prey types prey abundance, probable
activity levels, and in some cases, previous accounts (e.g. Beebe and
Crane, 1936 for Serrivomer). The proposed pattern indicates feeding
strategies and activities; it does not attempt to delineate trophic
levels (i.e. energy levels). In addition, the placement of species in
certain categories is not fixed. Activity levels and feeding
strategies may change with concomitant changes in predator size and

prey availability.

In summary it appeared that size selection (larger fish feeding
on larger prey) was the primagy factor determining food habits of most
of the midwater species examined. 1In addition, there appeared to be
selection for larger individuals of the various prey species by a
number of the midwater predators. Morphological specialization of the
mouth and jaw structure evidently controls prey utilization in some
species. Taxonomic selection also appeared to occur in several fish

species, but may have been a function of prey abundance.

The small range of prey species eaten may be due to increased
presence of these species near the bottom in the Norfolk canyon area.
This concentration of plankton may represent an enhanced prey source
for midwater fishes which may then aggregate near bottom to utilize
this prey source. Benthic prey items, found in several stomachs,
suggested at least the occasional near-bottom presence of midwater

fishes.
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Depth was found to influence feeding in that many fishes appeared
to have optimal foraging depths. Seasonality played a role in several
species feeding habits, causing them to shift their diet in apparent
response to fluctuations in prey abundance. Diel feeding periodicity
was demonstrated in many of the species, with either a unimodal or
bimodal peak of feeding intensity noted. Several species however,

exhibited uniform diel feeding intensity.



PART III
THE PARASITE FAUNAS OF THE DOMINANT MESO-
AND BATHYPELAGIC FISH SPECIES OF NORFOLK CANYON,

WITH NOTES ON THE ECOLOGICAL IMPLICATION OF THEIR PRESENCE.


















































































































































































































































































































