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The feeding habits of the lanternfishes Tarletonbeania crenularis,

Diaphus theta and Stenobrachius leucopsarus were studied by analyzing

1,735 stomachs from 54 collections from the slope waters off Newport,

Oregon.

Forty-one taxa of food items were identified. Euphausiids

(Euphausia pacifica), copepods (Calanus spp. and Metridia lucens)

and amphipods (Parathemisto pacifica) were most commons Copepods

were numerically most abundant, but euphausiids made up most of

the biomass and accounted for the majority of the identifiable food in

41% of the T. crenularis, 40% of the D. theta and 49% of the S.

leucopsarus.

No large differences in the feeding habits were correlated with

size of individuals of the three species of lanternfishes. Some small

fishes contained more copepods than euphausiids, but even so, total

euphausiid biomass was usually greater than copepod biomass. Empty
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stomachs were found in 1% of the D. theta, 20% of the T. crenularis

and 24% of the S. leucopsarus collected at night.

Limited data suggested that during the winter the fishes from

25 miles offshore ingested larger numbers of euphausiids than cope-

pods, while fishes 45 miles offshore fed more on copepods than

euphausiids.

Changes in stomach fullness during the night, morning and

afternoon indicated that most of the lanternfishes fed primarily at

night in the upper 200 meters, with some morning and perhaps some

afternoon feeding.

Comparisons of stomach contents with catches of plankton

nets suggested that euphausiids, copepods and amphipods were

selected as prey over medusae, shrimps and fishes.
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THE FEEDING HABITS OF THREE SPECIES OF LANTERNFISHES
(MYCTOPHIDAE) OFF CENTRAL OREGON

INTRODUCTION

Approximately 300 species of lanternfishes '(Iniomi:

Myctophidae) are found in the upper 1,000 meters of the world's

oceans (Paxton, 1967b). Literature on myctophids is extensive,

mostly concerning systematics and zoogeography and, to a lesser

extent, vertical migration and the deep scattering layers.

The zoogeographic distribution of some myctophid species

appears to be correlated with different water masses (Backus

1965; Paxton, 1967a). Off Oregon, where Transitional-Subarctic

water predominates, the highest numbers and species of mesopelagic

fishes are found in slope waters 25 to 50 miles offshore. Off central

Oregon Pearcy (1964) reported that three species of myctophids

accounted for 76% of the total catch in nighttime tows to 200 meters.

These fishes are Stenobrachius leucopsarus (Eigenmann and

Eigenmann) 1880, 45%; Diaphus theta Eigenmann and Eigenmann

1891, 21%; and Tarletonbeanis crenularis (Jordon and Gilbert) 1880,

10%. Similar proportions have been recorded off southern Oregon

(Laurs, 1967).

Although seasonal changes in the abundance of mesopelagic

fishes of a certain region are believed to be associated with changes

in the environment, good evidence is lacking. In the San Pedro
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Basin, California, Paxton (1967a) observed high numbers of fishes in

the winter (November through March) and low numbers of fishes in

the summer (April through September). In Monterey Bays California,

Barham (1957) noted low numbers of Diaphus theta in March and high

numbers during summer months. Off central Oregon, Pearcy

(unpublished data) found increased numbers of S. leucopsarus and

D. theta overthe continental shelf during winter months.

Many investigators have found more myctophids and other

mesopelagic fishes in near-surface waters during the night than

during the day (Brauer, 1906; Beebe and Vander Fyi, 1944; Barham,

1957; Aron, 1962; Pearcy and Laurs, 1966). These differences

indicate diel vertical migration, but Pearcy and Laurs (1966) suggest

that net avoidance may contribute to the low catches during the day.

Deep scattering layers, which may undergo diel vertical migra-

tion, have been correlated with the vertical migration of mesopelagic

fishes and invertebrates. Myctophids occurred in a deep intense

scattering off San Diego (Tucker, 1951), in particular acoustic

reflections in the slope water regions of the western North Atlantic

(Backus etal., 1968), and in deep scattering layers off British

Columbia (Taylor, 1968). Barham (1957) associated different

organisms with scattering layers during different seasons of the year.

Off central Oregon, on the other hand, the thickness of the scattering

layers correlated best with euphausiid biomass and sometimes with
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fish biornass (Donaldson, 1968).

The relationship between vertical migration and feeding

activity of mesopelagic fishes has not been adequately investigated.

Marshall (1954, 1966) proposed that mesopelagic fishes swim from

deep water into the near-surface water during the night in order to

feed on zooplankton concentrated in the near-surface water. Vertical

movements of fishes and invertebrates have been fairly well sub-

stantiated by collections and echo sounder traces, but it is not known

if all or even most of the feeding occurs at night. Anderson (1967)

found that Triphoturus mexicanus and Bathylagus stilbius feed mainly

during the nighttime while at shallow depths.

Some myctophids are important in the marine food web as links

between zooplankton and some commercial resources. Limited

studies indicate that they are first order carnivores feeding upon

herbivorous copepods, euphausiids, amphipods, ostracods, pteropods

and aphids; and second order carnivores feeding upon carnivorous

copepods, euphausiids, amphipods, chaetognaths, annelids, and

fishes (Beebe and Vander Pyl, 1944; Aughtry, 1953; Paxton, 1967b;

Tyler, 1967; Checkley, 1968; Collard, 1969). Myctophids are preyed

upon by mesopelagic fishes (Beebe and Vander Fyi, 1944; Marshall,

1954), salmon (Shimada, 1948; Grinols and Gill, 1968; Manzer, 1968),

yellow-fin and skipjack tuna (Alverson, 1961), albacore (McHugh,

1952), rockfishes (Fitch, 1951; Pereyra etal,, 1969), greater silver
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smelt (Wood and Raitt, 1968), blue whiting (Zilanov, 1968), jack

mackerel and sablefish (Grinols and Gill, 1968), swordfish (Scott

and Tibbo, 1968), sharks (Hubbs, 1917), seabirds (Marshall, 1954),

porpoises and seals (Follett, 1952), and whales (Marshall, 1954;

Fitchetal., 1968).

This is a study of T. crenularis, D. theta and S. leucopsarus

populations in the slope water regions off Newport, Oregon, to deter-

mine: 1) the quantity and quality of food items in their stomach,

2) differential feeding by size, 3) yearly changes in feeding habits,

4) possible feeding selectivity and 5) feeding chronology.
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METHODS

Fishes were collected from the R/V ACONA and R/V YAQUINA

at stations located 25, 45, 50 and 65 miles west of Newport, Oregon,

designated as NH. A six-foot Is sacs .-Kidd Midwater Trawl (IKMT)

equipped with a depth-distance recorder and/or flow meter was towed

at a ship's speed of 4 to 6 knots. Oblique tows were made from the

surface to 200 meters during the night and from the surface to 500

and 1, 000 meters during the day. Depth was approximated by

assuming a 4:1 wire angle. The IKMT descended at 50 meters of wire

per minute and ascended at 30 meters of wire per minute.

Vertical one-meter net tows with a 571 micron mesh and flow

meter were made from 200 meters to the surface directly before or

after several IKMT tows. One oblique one-meter net tow was made

to 200 meters. At a ship's speed of one to two knots the net was

lowered at 35 meters of wire per minute until 800 meters of wire

were out, then the net was towed for 16 minutes. The ship was

stopped, and the net was retrieved at 35 meters of wire per minute.

Samples were preserved on the ship in 10% buffered formalin

and later sorted and identified in the laboratory. Samples were

selected that contained sufficient quantities of the three species of

fishes for the different aspects of the study. The dates of the col-

lections used in this study ranged over seven years (1961 -1967).



Eleven monthly collections were used for the quantitative

determination of the feeding habits. The method of stomach analysis

was adapted from Bogorov (1934), Hartley (1948), Hynes (1950) and

Daiber (1956). Individual fish of a species were arranged into size

classes characteristic of each collection. After measuring the stan-

dard length (SL) of each fish, the stomach was removed and its

contents flushed into a Syracuse dish. Stomach fullness was deter-

mined on a scale from 0 to 3, where:

0 empty

1 - partly full; rugae not distended
2 - full stomach; rugae partially distended
3 - very full stomach; no rugae; stomach very distended.

The state of digestion of the contents was recorded as: 1) undigested,

2) moderately digested and 3) well digested.

Fishes with stomachs containing fish scales were considered to

have ingested the scales and other stomach contents while in the net.

These fishes were not included in this study unless the food items in

the pyloric end of the stomach contained no scales and were at a dif-

ferent stage of digestion than the material in the cardiac portion.

Some stomachs that were empty were regurgitated when the fishes

were captured; however, this cannot be proved and the stomachs

were considered empty.

Organisms in the stomachs were identified to species when

possible. The total length of each intact Euphausia pacifica was



7

recorded to the nearest millimeter. The number of individuals of

each species or taxa. in each stomach was recorded. All individuals

of one food species or taxon from fishes in the same size class were

dried in separate pans at 65°c until the weight was constant and were

then dried in a vac-cum oven at one-half atmosphere for one hour.

Samples were weighed to the nearest 0. 01 milligram on a single-pan

Mettler balance.

Two types of averages were computed for the numbers and

weights of food items: 1) the quantity of a particular food item was

divided by the number of fish containing any food, designated as X;

and 2) the quantity of a particular food item was divid ed by the num-

ber of fish containing only that particular food item, designated at

xl

X = average

X1 weighted average

Two types of analyses were used for different size fish of the

same species. In each collection the fishes were grouped according

to similar size classes. The weighted average dry weight, the

weighted average number and the frequency of occurrence of

euphausiids, copepods, amphipods and unidentified material were

computed for each size class. Secondly, all the data for one species

fromthe eleven collections were combined for ten-millimeter size

classes. The weighted average number and frequency of occurrence



of copepods and euphausiids were computed. This second method

disregarded any large seasonal and yearly difference in the feeding

habits between collections.

Meter net collections, used for comparison with organisms

found in myctophid stomachs, were subsampled with a Folsom

splitter. Major taxa (euphausiids, copepods, amphipods, sergestid

shrimps,medusae, chaetognaths and fishes) were sorted, dried and

weighed. Copepods and euphausiids in some collections were

identified to species. Comparisons between organisms in a meter

net collection and in fish stomachs were made for five IKMT collec-

tions

To determine feeding chronology stomach fullness and digestion

state were compared among 66 fishes from morning collections, 140

fishes from afternoon collections and 759 fishes from night collec-

tions In addition, changes in stomach fullness and digestion state

were determined for about hourly intervals in three separate night

collections



RESULTS

Food Taxa Found in Stomachs of All Species

Euphausiids, copepods and amphipods were the most common

food of Tarletonbeania crenularis, Diaphus theta and Stenobrachius

leucopsarus from the eleven night collections (Table 1). Twenty-one

species of copepods, six species of amphipods and four species of

euphausiids composed 76% of the 41 identified taxa. Copepods of the

generic complex Calanus (C. finmarchius and C. pacificus) and

Metridia lucens were the most numerous; Pseudocalanus sp. and

Pareuchaeta spp. were moderately numerous, while the remaining

copepods were rare. Parathemisto pacifica was the most common

amphipod, and Euphausia pacifica was the most common euphausiid.

Eggs, pteropods, ostracods, saips, polychaetes, chaetognaths, a

fish and a diatom occurred infrequently and in low numbers. They

were not considered to be significant food items.

Feeding Habits of Stenobrachius leucopsarus

Thirty-five food taxa were identified from the stomachs of S.

leucopsarus including 20 species of copepods, four species of

amphipods, three taxa of euphausiids and eight miscellaneous taxa

(Table 2), The average number and percentage frequency of occur-

rence indicated that Calanus spp., Metridia lucens and Pareuchaeta



Table 1. Monthly IKMT collectioz that provided data for quantitative analysis, seasonal differences, selectivity and chronology of feeding in the
three species of myctophids.

Depth Number of Fishes Examined
Date Station Time (in mete1) T. crenularjs !2. theta S leucopsarus

28 IV 1963 0-iso 15 4 6
+ 16 VII 1963 45 2152.2258 0-200 7 14 24
* 29 XI 1963 45 2008-2100 0-200 11 4 2

13 XII 1963 45 2244.2345 0200 3 5 20
+ 16 III 1964 45 0130-0225 0-200 14 6 48
+ 31 VII 1964 45 2330-0145 0-200 28 23 38

6 XI 1964 45 0-200 24 24 55
29 I 1965 45 0215-0335 0200 -- 9 76
23 111965 45 0255..0334 0-200 25 7 60
31 V 1965 65 204S-0139 0-150 9 3 40

+ 21 X 1965 45 0138-0236 0-200 59 32 71
195 131 440

lushore IKMT collections examined for seasonal differences.

14 XII 1963 25 0245-0335 0-130 22 27 9
2 111964 25 2001-2030 0l30 7 14 35
15 XII 1966 25 21022133 0-130 4 12 2

33 53 46

*
not used for selectivity study

+
not included in feeding chronology

0
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Table 2. Percentage frequency of occurrence (%FO) and average
number (XNo.,) of food items for all Stenobrachius
lep!rus examined containing food.

Food Items %FO XNo.

Euphausiids 50. 6 2. 036
Euphausia pacifica 30. 8 0. 423
Unidentified 15.9 0.166
Larvae 7.1 1.443
Thysanoessa spinifera 0. 3 0. 003

Copepods 55.2 1.464
Unidentified< 1.5mm 33.0 0.571
Calanus spp. 11.0 0.402
Metridialucens 10.1 0.174
Unidentified > 1 . 5 mm 3. 5 0. 090
Pareuchaeta spp. 3. 8 0. 044
Pareuchaeta japonica 2. 5 0. 030
Rhincalanus nasutus 1.9 0.011
Calanus cristatus 1.9 0.022
Pleuromamma spp. 1. 4 0. 014
Pleuromamma xiphius 1. 8 0. 014
Pseudocalanus sp. 1.1 0.019
Canadacia columbiae 0. 8 0. 011
Gaidus sp. 0.5 0.016
Calanus plumchrus 0. 5 0. 016
Calanus tenuicornis 0.5 0.016
Canadaciajpnnata 0.5 0.005
Acartialongiremis 0. 3 0. 003
Paracalanus sp. 0. 3 0. 005
Pareuchaeta birostrata 0. 3 0. 003
Phaenna spinifera 0. 3 0. 003
Pleuromamma guadrungulata 0 3 0. 003
Pleuromamma abdominalis 0. 3 0. 003
Gaussia princeps 0. 3 0. 003
Centropages mcmurrichi 0. 3 0. 003

Amphipods 7.7 0.107
Parathemisto pacifica 5. 7 0. 079
Unidentified 1.5 0.016
Paraphronima gracilis 0. 6 0. 005
Hyperoche medusarum 0. 3 0. 003
Primo abyssalis 0.3 0. 003
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Table 2. (Continued)

Food Items FO XNo.

Eggs 3.6 0.768

Pte r opod s
L,imacina helicina 2. 7 0. 022

Ostracods
Conchoecia elegans 4. 5 0. 060

Polychaetes
Tomopteris sp. 0. 5 0. 005
Larvae 0. 3 0. 005

Chaetognaths 0.5 0.005

Fish 0. 3 0. 003

Diatom
Coscinodiscus concinnus 0. 3 0. 003

Fish examined: 440
Fish containing food: 366
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spp. were the most common copepods. Low numbers of the deep-

water copepods Rhincalanus nasutus, Pleuromamma spp., Calanus

cristatus and Canadacia columbiae were also found. Parathemisto

pacifica was the most common amphipod, and Euphausia pacifica was

the common euphausiid.

Many of the stomachs contained only copepods, or euphausiids,

or amphipods, and not combinations of these groups (Table 3).

Euphausiids comprised the only food in 30% of all the fish containing

food, while copepods comprised only 31%. Copepods and euphausiids

occurred together in 19% of the fish.

Euphausiids (mainly E. pacifica) were the most important food

of S. leucopsarus ona dry weight basis (Table 4). They composed

most of the food in 49% of the individual fish. Copepods composed

the majority of the food in 27%, unidentified material in 18%, and

amphipods in 6% of the fish.

Smaller individuals of S. leucopsarus fed more on copepods

than larger individuals (Table 4). Copepods were the dominant food

biomass of the smaller size fish in three collections, and euphausiids

were the dominant food in five collections. Euphausiids were the

major food of the larger individuals in nine of the eleven collections.

Combining the eleven collections and grouping the fish into ten-

millimeter size classes suggested only slight differences among the

different sizes of individuals (Figure 1). The weighted average



Table 3. Percentage occurrence of euphausiids copepods, amphipods and unidentified material as pairs or as single items in the stomachs of
Stenobrachiw leucopsarur.

Euphausiids
Date of No. Fishes X SL Range of SL + copepods Euphausiids EuphauSlidS Copepods Euphausiids Amphipods Copepods Unidentified

Collection Containing Food in mm in mm +amphipods + copepods + amphipods + amphipods (alone) (alone) (alone) Material

Iv 1963 3 33 27-37 -- -- -- -- ... -- 67 33
3 65 53-75 -- 67 -- -_ -- -- 33 --

VII 1963 9 39 34-48 -- -- -- -- 45 11 ii 22
13 75 56-88 23 23 -- 15 -- -- 8

X11963 1 22 -- 100 -- -- -- -- --

XII 1963 11 24 22-30 -- 9 -- -- 45 -- 36 --
2 47 41-52 -- 50 -- -- 50 -- -- --

III 1964 24 33 25-48 -- 54 -- -- 21 -- 8 8
22 62 50-76 5 14 -_ -- -- -- 9 9

VII 1964 18 36 30-4-4 -- 11 - 6 5 -- 78 --
20 70 53..94 -- 45 -- -- 15 -- 40 --

XI 1964 16 26 22-30 -- 13 6 -- 44 13 19 6
6 46 41-50 -- -- -- -- 33 -- 67 --
8 71 59-88 -- -- -- -- 63 -- -- 37

I 1965 21 25 23-29 -- 10 -- 10 13 -- 48 19
29 53 42-62 3 17 -- 31 31 -- 24
22 70 62-76 -- 50 -- -- 14 -- 36

II 1965 19 29 24-34 -- 5 -- 16 16 10 31 10
15 49 37-55 -- -- -- -- 74 7 7 13
12 73 60-88 -- -- -- -- 42 -- 25 33

V 1965 29 34 24-40 -- 7 3 10 21 10 45 3

4 71 59-81 -- -- -- -- 75 -- 25 --
X 1965 15 24 22-27 -- 27 -- 33 -- 33 7

31 48 41-59 -- 16 ..- -- 68 -- 13 --
13 69 63-88 -- 31 -- 46 -- 23 --

Tm-al Percentage 0.5 19.1 1.6 3.0 30.0 2.5 31.7 8.7
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Table 4. Percentage of Stenobrachius leucopsarus stomachs
dominated (greater than 50% of stomach biomass) by
copepods, euphausiids, amphipods or unidentified
material. Collections arranged according to the format
of Table 3.

Unidentified
Date of Copepods Euphausiids Amphipods Material

Collection (%) (%) (%) (%)

IV 1963 67 -- -- 33
- - 67 - - 33

VII 1963 11 45 11 33
17 61 -- 17

XI 1963 -- 100

XII 1963 36 55 --

100 --

III 1964 4 75 -- 21
36 27 - 27

VII 1964 83 17 --

40 60

XI 1964 25 57 13 6

67 33
- - 63 - - 37

I 1965 24 24 5 47
27 48 - 28
27 64 - 9

II 1965 11 21 21 42
13 67 7 13

8 42 - 42

V 1965 59 31 10
25 75 - -

X 1965 40 40 -- 20
-- 84 -- 16

8 69 -- 15

Total
Percentage 27 49 6 18
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Figure 1. Average number (X1 No.) and percentage frequency of occurrence (% FO) of euphausiids and copepods from Stenobrachius leucopsarus
grouped according to 10 mm size classes.
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number and frequency of occurrence of euphausiids and of copepods

appeared to increase slightly from small fish to large fish. The

percentage of fish containing food changed very little for the different

size classes.

A test of concordance indicated no significant (P< 0. 05) agree-

ment between the rankings of the weighted average weight and number

of euphausiids and of copepods in S. leucopsarus from the collections

listed in Table 5. Coefficients of concordance, W, were calculated

from the equation

12 Ed2
2 3m (n -n) - mEc

where: Ed2 = sum of squares

m number of columns

n = number of rows

Ec = sum of ties
(see, Tate and Clelland, pages 19-20, 1957)

Values of W can range from 0 (no agreement among ranks) to 1.0

(perfect agreement among ranks). The concordance tests suggest

that for S. leucopsarus there was little relationship between copepods

and euphausiids among collections (Table 6).

In summary, on a weight basis S. leucopsarus fed primarily

on euphausiids and secondarily on copepods with only a moderate

amount of unidentifiable material present.



Table 5. Percentage frequency of occurrence (%FO) of copepods, euphausiids, amphipods and unidentified material for Stenobrachius leucoarus
containing food; average number (X1N0.) of food taxon for fishes containing that taxon and the average weight (X1Wt.) in milligrams of
stomach contents of each taxoit for fishes containing thattaxon. Collectious arranged according to the format of Table 3.

Date of Copepods Euphausiids Amjiiipods Unid. Material

Collection %FO X1No. X1Wt. %FO X1No. 3wt. %FO XNo. XWt. %FO X1Wt.

IV 1963 67 1.67 0.14 -- -- -- -- -- -- 67 0.35
100 3.67 0.36 67 1.00 0.67 67 1.00 0.38 34 1.16

VII 1963 34 1.00 0.03 45 1.25 0.28 11 1.00 0.19 56 0.10
38 1.80 0.38 61 1.50 6.25 23 1.00 0.90 46 0.59

XI 1963 100 400 < 0.01 -- -- -- 100 100 0.35 -- --

XII 1963 36 3. 50 0. 12 55 1. 16 0.73 -- -- -- --

100 100 046 100 1.00 0.73 -- -- -- -- --

III 1964 62 2.60 0. 11 79 30.00 0.26 -- -- - 25 0. 47
91 4.25 0.17 27 1.00 2.11 9 1.00 0.73 41 0.36

VII 1964 89 3.69 0.15 11 1.00 1.72 S 100 0.06 -- --

80 2.81 0.22 65 1.54 7.44 -- -- -- -- --

XI 1964 31 1.00 0.15 62 1.40 0.22 18 1.00 0.44 6 0.25
67 1.00 0.54 67 1.00 2.95 -- -- -- -- --

-- -- -- 62 1.20 3.06 -- -- 37 1.04
I 1965 67 1.36 0. 12 23 1.00 0. 87 10 1.00 0. 38 52 0.21

52 2.53 0.30 52 1.40 2.64 10 1.00 0.59 45 0.63
87 4.37 0.69 68 1.47 1.93 -_ -- 32 0.31

II 1965 53 1. 18 0.12 21 1.00 2.13 26 1.00 0.51 47 0.20
7 2.00 0.26 87 1.18 3.10 13 1.00 0.36 13 0.16

25 1.00 0.24 42 1.20 3.00 -- -- -- 33 0.33
V 1965 62 2.28 0.52 31 1.11 2. 16 24 1.29 1.04 7 0.25

25 3.00 1.43 75 1.34 3.32 -- -- -- -- --

X 1965 53 4.75 0. 16 60 1. 56 0.05 -- -- -- 20 0.35
29 1.34 0.42 83 1.23 3.93 -- -- -- --

53 1.57 0.23 77 1.40 4.58 -- -- 15 0.48
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Table 6. Coefficient of concordance values for the average (X1)num-
ber and average (X1) weight of euphausiids and copepods
listed in Tables 5, 10 and 14.

Average Average
number weight

Stenobrachius leucopsarus 0.168 0.021

Diaphus theta 0.050 0. 076

Tarletonbeania crenularis 0. 290 0. 056

Feeding Habits of Diaphus theta

Twenty-one taxa were identified from the stomachs of D. theta,

including ten species of copepods, three species of amphipods, three

taxa of euphausiids and five miscellaneous taxa (Table 7). Calanus

spp., Metridia lucens and Pseudocalanus sp. were the most common

copepods. There were fewer deep water copepods and a slightly

larger average number of adult euphausiids and amphipods than in

S. leucopsarus.

Stomachs containing only euphausiids were fewer in number

than in S. leucopsarus (Table 8). Euphausiids occurred as the only

food in 23% and copepods occurred as the only food in 26%.

Euphausiids and copepods were found together in the stomachs of 20%,

while unidentified material occurred as the only food in 20%.

Dry weights of stomach contents indicated that euphausiids

were the most important food item of D. theta, but large amounts of



20

Table 7. Percentage frequency of occurrence (%FO) and average
number (XNo.) of food items for all Diaphus theta examined
containing food.

Food Items .%FO XNo

Euphausiids 45.7 0.733
Euphausia pacifica 37. 2 0. 603
Unidentified 13.4 0.115
Larvae 00. 8 0. 008
Nematoscelis difficilis 00. 8 0. 008

Copepods 51.2 1.588
Unidentified>i.5 mm 28.0 0.519
Metridia lucens 17. 1 0.466
Calanus spp. 17.1 0.336
Pseudocalanus sp. 6.2 0.092
Pareuchaeta spp. 5. 4 0. 008
Rhincalanus nasutus 3. 9 0. 046
Unidentified<l.5 mm 3.1 0.069
Gaidus sp. 3.1 0.038
Calanus cristatus 1.5 0.015
Pleuromamma sp 0. 7 0. 008
Canadacia columbiae 0. 7 0. 008
Pareuchaeta birostrata 0. 7 0. 008

Amphipods 10.1 0.229
Parathemisto pacifica 7.0 0.176
Unidentified 2. 3 0. 030
Paraphronima gracilis 2. 3 0. 023
Dairella californica 1. 5 0. 023

Pteropods
Limacina helicina 10. 1 0. 145

Ostracods
Conchoecia elegans 13.2 0.122

Salps 2.3 0.070

Polychaete s
Tomopteris sp. 3.1 0.023

Chaetognaths 2. 3 0. 023

Fish examined: 131
Fish containing food: 129



Table 8. Percentage occurrence of euphausiids, copepods, amphipods and unidentified material as pairs or as single items in the stomachs of
Diaphus theta.

Euphausiids
Date of No. Fishes X SL Range of SL + copepods Euphausiids Euphaus lids Copepods Euphausiids Amphipods Copepods Unidentified

Collection Containing Food in mm in mm 4- amphipods + copepods +amphipods +ainphipods (alone) (alone) (alone) Material

IV 1963 4 37 33-40 -_ -- -- -- -- -- 100 --
VII 1963 8 42 38-44 -- 25 12 -- -- -- 12 50

6 66 62-70 17 17 -- 17 -- -- 32 16

XI 1963 3 40 22-50 -- -- -- -- 33 -- 67 --
XII 1963 5 39 20-53 -- 60 -- -- -- -- -- 60

III 1964 6 42 24-62 -- -_ -- -- 17 -- 17 66

VII 1964 23 51 38-76 -- 52 -- -_ 22 -- 26 --
XI 1964 24 56 49-69 -- 21 8 -- 25 -- 32 4

I 1965 9 48 44-53 11 22 -- -- 11 33 22

II 1965 7 53 47-69 -- -- -- -- 14 43 14 29

V 1965 3 48 35-55 -- -- -- 33 -- -- 67 --
X 1965 30 50 43-61 -- 3 -- 3 47 7 7 37

Total
Percentage 1. 5 20. 1 1. 5 3. 1 22. 5 3. 9 26. 4 20. 9



unidentified material predominated in many stomachs (Table 9).

Unidentified material composed most of the food in 47% of the fish,

euphausiids in 40%, and copepods most in 9%.

The stomach contents of D. theta were fairly similar in the

eleven collections (Table 9). Unidentified material occurred very

commonly in the stomachs of most fish from all collections, and it

dominated the majority of the stomach contents in eight collections.

Euphausiids dominated the stomach contents in two collections.

Distinct size classes of D. theta were not evident, and the diets

of the smaller and larger individuals were similar. Copepods pre.-

dominated the biomass of as many larger fish as smaller fish (Table

9). Combining the eleven collections and grouping the fish into ten-

millimeter size classes suggested some differences between different

size fish (Figure 2). The weighted average number and frequency of

occurrence of copepods appeared to be greater for larger fish than

smaller fish. The frequency of occurrence of euphausiids appeared

to increase from smaller to larger fish, while the weighted average

number changed only slightly.

A test of concordance indicated no agreement among the rank-

ings of either the weighted average number or weighted average

weight of euphausiids and of copepods in the different size classes of

collections listed in Table 10 (Table 6).

In summary, unidentified material was very common in D.
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Table 9. Percentage of Diaphus theta stomachs dominated (greater
than 50% of stomach biornass) by copepods, euphausilds,
amphi pods or unidentified material. Collections arranged
to the format of Table 8

Date of
Collection

Copepods
(%)

Euphausiids Amphipods
(%) (%)

Unidentified
Material

(%)

IV 1963 50 -- -- 50

VII 1963 25 -- 75
17 33 50

XI 1963 33 -- 67

XII 1963 40 -- 60

III 1964 17 -- 83

VII 1964 13 70 -- 22

XI 1964 8 37 -- 46

I 1965 45 -- 55

II 1965 14 -- 14 72

V 1965 34 -- 67

X1965 3 50 47
-- -- 100

Total
Percentage 9 40 1 47
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Table 10. Percentage frequency of occurrence (%FO) of copepods, euphausiids, amphipods and unidentified material for Diaphus theta containing
food; average number (X1No.) of food taxon for fishes containing that taxon; and the average weight (X1 Wt.) in milligrams of stomach
contents of each taxon for fishes containing that txofl. Collections arranged according to the format of Table 8.

Date of
Copepods Euphausiids Aniphipods Unid. Material

Collection %FO X1No. X1Wt. %FO X1No. X1Wt. %FO X1No X1Wt. %FO X1Wt.

W 1963 100 2.25 0.01 -- -- -- -- -- -- 100 0.85

VII 1963 38 1.34 0.05 25 1.00 0.59 13 1.00 0.03 88 0.55
83 3.20 0.73 34 1. 50 2.07 34 1.00 1.19 67 2.09

XI 1963 67 1.00 0.02 34 3.00 582 -- -- -- 67 0.04

XII 1963 60 4.33 0.37 60 1.33 0.97 -- -- -- 20 0.51

III 1964 16 2.00 0.05 34 1.50 0.77 -- -- -- 80 1.29

VII 1964 83 6.05 1.98 70 1.20 4.07 -- -- -- 26 2.93

XI 1964 38 3.10 0.36 54 2.15 0.63 13 1.00 0.05 75 1.07

I 1965 66 3.66 0.41 44 1.00 2.89 22 1.00 0.18 100 2.52

II 1965 14 1.00 0.79 14 1.00 2.01 43 4.67 1.51 86 0.77

V 1965 100 3.00 0.28 -- -- -- 34 3.00 0.68 67 1.04

X 1965 60 1.27 0.71 60 1.27 3.76 50 1.47 1.55 -- --

100 100 0.05 -- -- -- -- -- -- 100 1.96

N
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theta stomachs. Euphausiids were the primary identifiable food,

and copepods were the secondary food.

Feeding Habits of Tarletonbeania crenularis

Fourteen food items were identified from the stomachs of T.

crenularis including six species of copepods, two species of amphi-

pods, two taxa of euphausiids and four miscellaneous taxa (Table 11).

Metridia lucens was the most common copepod, and Paracalanus sp.

and Acartia longiremis were less common. Rhincalanus nasutus

was the only deep-water copepod found. The average number of

adult euphausiids differed only slightly from D. theta and S.

leucopsarus, while the average number of amphipods was rather

similar to that of S. leucopsarus.

The percentages of T. crenularis containing only copepods or

euphausiids differed from those of D. theta and S. leucopsarus

(Table 12). Euphauslids were the only food in 36%, and copepods

were the only food in 17%. It contained a larger proportion of only

euphausiids in its stomach than the other two fish species.

Euphausiids and copepods occurred together in 11%, a smaller per-

centage than in D. theta or in S leucopsarus. Unidentified material

only was found in 25% of T. crenularis which is the highest percentage

of the three lanternfishes.

iDry weights of stomach contents indicated that euphausiids
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Table 11. Percentage frequency of occurrence (%FO) and average
number (XNo,,) of food items for all Tarletonbeania
crenularis examined containing food.

Food Items %FO XNo.

Euphausiids 48.5 2.300
Euphausia pacifica 26. 2 0. 536
Unidentified 20.2 0,392
Larvae 10.5 1.373

Copepods 28. 8 0. 777
Unidentified> 1.5mm 15.7 0.320
Metridia lucens 8. 5 0. 078
Unidentified < 1.5 mm 7.2 0.118
Acartia longiremis 2. 6 0. 052
Paracalanus sp. 2.6 0.039
Calanus spp. 0. 7 0. 033
Rhincalanusnasutus 0,7 0.013
Pseudocalanus sp. 1.3 0.105

Amphipods 8.5 0.137
Parathemisto pacifica 5. 9 0. 078
Unidentified 2. 6 0. 052
Trypana malmi 0. 7 0. 006

Eggs 0. 7 0. 039

Pteropods
Limacina helicina 5.9 0.111

Ostracods
Conchoecia elegans 1. 3 0. 020

Chaetognaths 0. 7 0. 006

Fish examined: 195
Fish containing food: 153



Table 12. Percentage occurrence of euphausiids, copepods, amphipods and unidentified material as pairs or as single items in the stomachs of

Tarletonbeania crenularis.

Date of No. Fishes 5 SL Range of SL Euphausiids Euphausiids Copepods Euphausiids Amphipods Copepods Unidentified
Collection Containing Food in mm in mm + copepods + amphipods 1-amphipods (alone) (alone) (alone) Material

IV 1963 15 34 26-52 13 13 -- 33 40

VII 1963 1 29 -- -- -- 100 -- --

2 66-73 50 -- -- 50 -- -- --

XI 1963 5 30 26-38 20 -- -- 20 -- 20 20

4 54 42-79 75 -- -- -- -- -- 25

XII 1963 3 34 25-45 33 -- -- 33 -- 33 --

III 1964 14 34 24-68 7 -- -- 64 -- -- 29

VII 1964 12 33 29-.37 -- -- 8 -- -- 92 --
15 49 41-58 27 -- -- 27 -- -- 40

XI 1964 10 34 28-42 -- -- -- 40 -- -- 60

11 52 47-67 9 9 45 18 9 --
1965 13 31 26-39 -- -- 8 15 22 15 22

3 51 45-57 -- -- -- 33 67 -- --

V 1965 4 28 25-29 -- -- -- 25 25 -- 50

4 46 40-54 -- 25 -- -- -- 75 --

X 1965 12 28 2535 17 -- -- 25 -- 8 50

15 44 38-49 7 -- 74 -- -- 19

10 65 56-83 -- -- -- 90 -- -- --

Total
Percentage 10.5 2.0 1.3 36.0 5.2 17.0 24.9

[1
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were again the most important food item of T. crenularis, although

large quantities of unidentified material were also present (Table 13).

Unidentified material accounted for most of the stomach contents in

40% of the fish. Euphausiids made up the majority of the biomass in

the stomachs of 41%, and copepods dominated the biomass in 12%.

There appeared to be little difference in the feeding habits of

the different size classes of T. crenularis (Table 13). When copepods

and amphipods occurred, they were generally in the smaller fish.

Combining the eleven collections and grouping the fish into ten-

millimeter size classes suggested some differences between size

groups (Figure 3). The weighted average number of copepods changed

Little for the different sizes while the weighted average number of

euphausiids was variable. The frequency of occurrence of euphausiids

increased markedly from the smaller to larger size fish. Copepods,

on the other hand, decreased from the smaller to larger size fish.

The percentage of fish containing food increased slightly from the

smaller to larger fish.

Concordance tests indicated some agreement among the rankings

of the weighted average number of euphausiids and copepods listed in

Table 14, suggesting that the fish from the same collection fed on

copepods and euphausiids in similar proportions. There was little

agreement among the rankings of the weighted average weight of

euphausiids and copepods suggesting that the rankings of weights of
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Table 13. Percentage of Tarletonbeania crenularis stomachs
dominated (greater than 50% of stomach biomass) by
euphausiids, copepods, amphipods or unidentified
material. Collections arranged according to the format
of Table 12.

Unidentified
Date of Copepods Euphausiids Amphipods Material

Collection (%) (%) (%) (%)

IV 1963 20 20 -- 60

VII 1963 -- 100 -- --

100 -- --

XI 1963 40 -- 60
-- 75 -- 25

XII 1963 67 34 -- --

III 1964 -- 50 -- 50

VII 1964 42 25 25
20 53 -- 27

XI 1964 20 -- 80
-- 27 -- 73

II 1965 8 8 15 53
- 33 33 33

V 1965 -- 25 25 50
75 25 - - - -

X 1965 8 42 -- 50
- - 80 - - 20

100 -- --

Total
Percentage 12 41 5 40
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Table 14. Percentage frequency of occurrence (%FO) of copepods, euphausiids, amphipods and unidentified material for Tarletonbeania crenularis
containing food; average number (X1N0.) of food taxon for fishes containing that taxon and the average weight (X1 Wt.) in milligrams
of stomach contents of each taxon for fishes containing that taxon. Collections arranged according to the format of Table 12.

Date
Copepods Euphansiids Amphipods Unid. Material

Collection %FO X1No. X1Wt. %FO X1No. X1Wt. %FO X1No. X1Wt. %FO X1Wt.

IV 1963 47 1.71 0.02

VII1963 -- -- --

50 3.00 0.17

XI 1963 60 3.67 0.19
75 3.67 0.11

XII 1963 67 1. 50 0. 14

III 1964 7 200 <0.01

27 3.25 0.09 93 0.3

100 1.00 0.23 - -- -- 100 0.14
100 1.00 0.68 -- -- -- -- --

40 1.50 0.15 -- -- -- 80 0.15
75 1.34 1.09 -- -- -- 75 0.20

34 1.00 0.01 -- -- -- 34 0.06

64 24.10 0.77 -- -- -- 7 0.01

VII 1964 67 Z.63 0.04 -- -- -- 8 1.00 0.26 50 < 0.01
60 2 44 0.05 53 1.63 4.85 -- -- -- 27 0.01

XI 1964 -- -- -- 40 150 0.31 -- -- -- 100 0.74
36 1.20 0.07 63 2.86 0.90 27 1.00 0.31 72 1.53

II 1965 23 700 0.09 15 1.00 1.48 - -- -- 54 0.46
34 1.00 0. 17 34 1.00 4.61 67 1.50 0. 17 34 0. 52

V 1965 -- -- -- 25 1.00 0.64 25 2.00 1.59 50 0.47
75 1.00 0.60 25 2.00 6.27 25 1.00 3.75 -- --

X 1965 25 1.67 0.06 50 1.33 0.61 -- -- -- 58 0.29
-- -- -- 80 1.67 4.44 7 1.00 0.26 20 0.18
-- -- -- 100 2 30 7. 81 -- -- -- 10 0. 44

(j)
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copepods and euphausiids varied independently (Table 6).

In summary, unidentified material was very common in T.

crenularis. Euphausiids were the primary food, and copepods were

the secondary food.

Yearly Changes in Diet

Euphausiids and copepods were the major food for the three

lanternfishes during all years studied. The weighted average num-

ber of euphausiids and copepods displayed no large differences during

1963, 1964 and 1965 (Table 15).

Table 15. The average (X1) number of copepods and euphausiids found
in stomach contents containing these items, for each fish
species from 1963 through 1965, from the eleven monthly
collections listed in Table 1,.

Number T. crenularis containing items
Euphausiids
Copepods

Number D. theta containing items
Euphausiids
Copepods

1963 1964 1965

30 62 61
0.80 0.63* 0. 93
1.34 0.79 0.48

26 53 50
0.46 0.92 0.60
1.05 2.75 1.10

Number S. leucopsarus containing items 42 114 210
Euphausiids 0.90 0.88* 0.64
Copepods 1.43 2.08 1.19

less euphausiid larvae (March 1964).
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Inshore Feeding Habits

Limited data indicate that there were inshore-offshore dif

ferences in the diets of the three lanternfishes during the winter

months. In general, fishes at NH 25 contained larger numbers of

euphausiids than copepods, while at NH 45 the fishes contained more

copepods than euphausiids (Table 16). These differences in the feed-

ing habits between NH 25 and NH 45 may be partly explained by the

differences in numbers of copepods and euphausiids in the environ-

ment. Based on meter net collections in 1963 and 1964, Hebard

(1966) found that the average numberofE. pacifica at NH 25 was

greater than that of Calanus spp. or Metridia lucens, but at NH 45

Metridia lucens was much more abundant than E. pacifica or Calanus

spp. These results suggest a similarity in the proportion of food

items in the stomachs and what was available in the environment.

Feeding Selectivity

Comparisons were made between the food in the stomach and

the food items collected in meter net tows to determine if myctophids

selected certain food items from the environment. I assumed that

zooplankton was available to the fishes in direct proportion to its

biomass caught in the meter net. Hence a similarity in the propor-

tions of food taxa in the stomach contents and in the zooplankton



Table 16. Average (X) number of each food taxa in fishes collected at NH 25

Date of No. Fishes with
Collection Fish Species stomach contents Euphausiids Copepods Amphipods

XII 1963 T. crenularis 18 1.67 0.06 0.06
D. theta 27 2.03 0.15
S. leucopsarus 7 1.43

II 1964 T. crenularis 5 4.40
D. theta 10 1.10
S. leucopsarus 25 0.92 0.08

XII 1966 T. crenularis 3 0.34 0.34 2.00
D. theta 12 1.34 0.17 0.25
S. leucopsarus 1 1.00

Average (X) number of each food taxa in fishes collected at NH 45

XII 1963 T. crenularis 3 0.34 1.00
D. theta 5 0.80 2.60 -"
S. leucopsarus 13 O69 1.23

III 1964* T. crenularis 14 1.50 0.14
D. theta 6 0.34 0.34
S. leucopsarus 46 0.13 2.70 0.04

less euphausiid larvae

Ui
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samples would indicate no selectivity while a dissimilarity would

indicate food selection. This is the principle of the forage ratio

(Hess and Swartz, 1940),

Forage ratios were determined by dividing the percentage

composition by weight of euphausiids, copepods and amphipods in

the stomach contents by the percentage composition by weight of these

same taxa in the meter net collection. Although medusae, shrimp

and fish were found in the meter net collections but not found in

stomach contents, they were used in calculating the forage ratios.

Only one meter net collection, admittedly a small number, was used

to estimate the abundance of zooplankton. Forage ratios greater

than one indicate positive selection whereas values less than one

indicate negative selection.

The results of five comparisons are given in Table 17. The

forage ratios for the three lanternfishes were variable. When

euphausiids predominated the zooplankton in March 1 964, there was

little evidence for selection by the three species except for selection

of copepods by S. leucopsarus. Although euphausiid larvae were

present in large numbers in T. crenularis and S. leuçpsarus, the

fishes did not feed on adult euphausiids which were also caught in the

meter net. In October 1965 when euphausiids predominated the zoo-

plankton, all the lanternfishes except the smallest size of S.

leucopsarus had ratios between one and two for euphausiids,



Table 17. Forage ratios for different sizes of the three lanternfishes.

Date of X SL Range of SL
Collection Fish Species No. Fishes in mm in mm Copepods Euphausiids Amphipods Medusae Shrimps Fishes

* Vii 1963 T. crenularis 1 29 -- 9. 13 -- -- --

2 66-73 20.98 11.70 -- -- -- --
D theta 8 42 38-44 2.78 3.38 0.32 -_ --

6 66 62-70 9.06 3.56 760 -- -- --

S. 1euco' 9 39 34-48 3.99 6.43 4.00 -- -- --

113 75 56-88 3.04 11.64 2.37 -- -- --

+ 1964 T. crenularis 14 34 24-68 0.01 0.56 -- -- -- --

I). theta 6 42 24-68 0.03 0.28 -- -- - --
S. leucoanis 24 33 25-48 7.33 0. 76 -- -- -- --

22 62 50-76 6.70 0. 87 0. 86 -- -- --

* Vfl 1964 T. creni.ilaris 12 33 29-37 5.60 -- 38.65 -- -- --

15 49 41-58 0.13 3.16 -- -- -- --

ID. theta 23 51 38-76 3.49 1.69 -- -- -- --

S. leucoarus 18 36 30-44 4.67 1.84 0.86 -- -- --

20 70 53-94 0.31 3.08 -- -- -- --

* I 1965 D. theta 9 48 44-53 1.16 1.70 0.07 -- -- --

S. leucopsarus 21 25 23-29 3.33 2.66 0. 63 -- -- --

29 53 42-62 1.51 4.01 0.24 -- -- --

22 70 62-76 5.18 3.50 -- -- -- --

+ X 1965 T. crenularis 15 44 38-48 -- 1.79 0. 35 -- -- --
10 65 56-83 -- 1.80 -- -- -- --

D.theta 1 79 9.51 -- -- -- -- --

30 50 43-61 1.70 1.23 4.83 -- -- --

S. leucopsarus 15 24 22-27 4.36 0.32 - -- -- --

31 48 41-59 0. 35 1.75 -- -- -- --

13 69 63-88 0.31 1.60 -_ -- -- --

Medusae composingnuch of the biomass in the meter net collection.
Euphausilds composing much of the biomass in the meter net collection.



suggesting some selection.

When medusae predominated in the zooplankton (July 1963,

July 1964 and January 1965), euphausiids were selected by all the

fishes, and copepods were selected by most of the fishes, In July

1963, euphausiids, copepods and amphipods were selected in much

larger quantities than in the other months. Most of the fishes

selected amphipods in July 1963 and 1964.

Differences in selectivity were found in different sizes of S.

leucopsarus, In four of five collections the smaller size of S.

leucopsarus selected more copepods than euphausiids, whereas in

three of five collections larger sizes selected more euphausiids than

copepods. In October 1965 when euphausiids were very abundant in

the meter net collection and in the stomachs, the smallest size of

S. leucopsarus selected copepods, not euphausiids. The largest

size of S. leucopsarus, on the other hand, selected euphausiids and

copepods.

Further evidence of selectivity can be derived by comparing

the species found in stomachs and in meter net collections, For

example, Metridia lucens predominated in the meter net as well as

in the three lanternfishes in July 1964 and appears to have been eaten

in direct proportion to its abundance (Table 18). However, Calanus

spp. was eaten in greater proportion to its abundance by D. theta and

S. leucopsarus.



Table 18. Percentage of copepod numbers in meter net collection
and in stomach contents from fishes in the July 1964
IKMT collection.

Acartia Metridia Calanus
longiremis lucens spp.

Meter net collection 19 44 7

T. crenularis 14 36

D.theta -- 40 18

S. leucopsarus - - 36 41

The appendicularian, Oikopleura sp.,, provided another good

example of possible selection. This organism occurred as a very

common food item in most of the lanternfishes in only one series of

collections, July 1964. A vertical meter net collection made directly

before the series of IKMT contained no Oikopleura sp. This may be

explained by patchy distribution of the zooplankton, but it's

important to note that all three species of fishes were opportunists,

apparently taking advantage of a locally abundant food resource.

The occurrence of only a very few Sergestes similis in S.

leucopsarus from the deep-water daytime collections suggested that

S. similis was not selected as a food item. Pearcy and Forss (1966)

found S. similis most abundant in the upper 150 meters at night.

Abundances ranged from less than one per 1,000 m3 of water to

forty per 1,000 m3 from 1962 to 1964. Although S. similis was

present in the upper 150 meters during the night, it was not even
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a minor fooditem. Perhaps S. similis swim too fast to be captured

by the fishes. Observations of S. similis indicate that it can swim

very fast (Marshall, 1954).

In summary, euphausiids, copepods and amphipods appeared

to be selected in general as food items over shrimps, fishes and

medusae. Fishes from different collections indicated different

preferences for euphausiids, copepods and amphipods.

Feeding Chronology

Changes in stomach fullness between night (2000 to 0300),

morning (0500 to 1325) and afternoon (1230 to 2040) suggested that

feeding occurred primarily at night and during the morning, and

secondarily during the afternoon for the three myctophids (Table 19).

The average fullness of stomachs of the three species was higher

during the morning than night and afternoon (Figure 4). Diaphus theta,

moreover, had no empty stomachs i the morning.

Although the data for the feeding chronology were compiled

from many different collections, the differences in fullness were

significant. Differences between expected and observed values were

significant (P < 0.05, 6 d.f., X2 = 12.59) between morning, after-

noon and night for each species: T. crenularis (X2 13. 46), P.

theta (X2 = 24. 04) and S. leucopsarus (X2 37. 60).

There were significant (P < 0.05, 4 d. f., X2 9.4881)



Table 19. IKMT collections used for the study of feeding chronology.

Number of Fishes ExaminedDepth Number of
Date Station Time (in metei) Collections T. crenularjs D theta S. leucoarus

19-21 VII 1961 45 2100-0445 0- 200 6 49 43 54
0- 500 5 9 11 67
0-1,000 5 12 12 41

24-25 I 1962 45 2058-0524 0-. 200 10 13 49 55
5-. 6 VI 1967 65 2136-0328 0- 200 6 28 30 158

111 145 375
3 IX 1963 50 1430-1516 150- 500 1 -- 18 13

27 II 1964 50 1400-1545 150-1,000 1 1 2 14
19 III 1964 50 1230-.1418 200-1,000 1 1 5 9
24 III 1965 50 09401320 0-1,000 1 4 1 16
27 III 1965 5065 0S23-.1303 0-1,500 1 7 7 11
27 III 1965 50 1451-1850 0-.1,000 1 16 1 23
22 XI 1966 60 1405-1805 0-1,330 1 2 8 16
17 XII 1966 60 1709-2040 0-1,000 1 2 4 5
18 XII 1966 0818-1148 0- 912 1 - 1 10
13 II 1967 55-65 0945-1325 0-1,000 1 1 5 3

34 52 120
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Figure 4. The percentage of Tarietonbeania crenularis, Diaphus theta and Stenobrachius leucopsarus in
the four different categories of fullness. N equals the sample size.
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differences in the state of digestion between morning, afternoon and

night for D. theta (X2 10. 07) and S. leucopsarus (X2 = 22. 24), but

2not for T. crenularis (X 8. 09). The state of digestion of the

stomach contents, illustrated in Figure 5, indicates that the amount

of well digested material was usually larger during the morning and

afternoon than during the night. There were no differences in diges-

tion of food among the three species for the July 1961 collection
2 2

(X = 7.72) and January 1962 (X = 9.09), but there was a difference

for the night of June 1967 (X2 = 12. 43). The July 1961 night col-

lections were chosen for the above comparison with the morning and

afternoon collections.

Diel changes in the digestion state were not as large as that

for stomach fullness. The decrease of well digested material from

the afternoon to night was not accompanied by a large increase of

undigested material. Thus, well digested material was predominant

regardless of the time within the diel period. These inconclusive

results,which neither support or negate the hypothesis that the fishes

feed primarily at night, may be due to the difficulty of categorizing

the digestion state.

Three series of replicate collections also provided data on

changes in stomach fulness and state of digestion during a single diel

period (Figures 6, 7 and 8). Diaphus theta and S. leucopsarus

appeared to feed continuously during the night. The average state of
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Figure 5. The state of digestion of stomach contents of Tarletonbeania crenularis, Diaphus theta and
Stenobrachius leucopsarus. N equals the sample size.



Figure 6. The average state of digestion (.- -4, where: 1

undigested, 2 = moderately digested and 3 well
digested; and the average fullness of the stomachs
(.-- -4, where: 1 = partly full, 2 = full and 3 =
very full for stomach contents of Diaphus theta and
Stenobrachius leucopsarus in six collections made
during the night of the 5th and 6th of June 1967.
The black rectangles indicate the length of time the
net was in the water. The denominator of the frac-
tion indicates the number of fishes in the sample,
and the numerator indicates the number of fishes
in the sample containing food.
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Figure 7. The average state of digestion (' '), where: 1 =
undigested, 2 = moderately digested and 3 well
digested; and the average fullness of the stomachs
(---9, where: 1 partly full, 2 full and 3 very
full for stomach contents of Diaphus theta and
Stenobrachius leucopsarus in ten collections made
during the night of the 24th and 25th of January
1962. The black rectangles indicate the length of
time the net was in the water. The denominator
of the fraction indicates the number of fishes in
the sample, and the numerator indicates the number
of fishes in the sample containing food.
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Figure 8. The average state of digestion (.-.-, where: 1 =
undigested, 2 = moderately digested and 3 well
digested; and the average fullness of the stomachs
(-'-, where: 1 = partly full, 2 = full and 3
very full for stomach contents of Diaphus theta
and Stenobrachius leucopsarus in six collections
made during the night of the 19th and 20th of June
1961. The black rectangles indicate the length
of time the net was in the water. The denominator
of the fraction indicates the number of fishes in the
sample, and the numerator indicates the number of
fishes in the sample containing food.
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digestion usually changed during the night from partially digested at

2100 to well digested at 0400. The average fullness differed for

each species for each collection. Fullness increased during the

night in June 1967 (Figure 6), and decreased during the night in

January 1962 (Figure 7), but increased and then decreased in the

July 1961 series (Figure 8). Perhaps these differences were caused

by different abundances of food during the different periods of

collecting.
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DISCUSSION

Similarities and Differences in the FeedjpgHabits
of the Three Lanternfishes

The results indicated that the three myctophids had similar

feeding habits. Disregarding the well digested material, all the

fishes fed primarily on euphausiids and secondarily on copepods

(Figures 9 and 10). Moreover, the proportions of unidentified to

identified euphausiids, copepods and amphipods were similar. There

were no large changes in the types of food ingested from 1963 through

1965 to suggest large yearly differences. In.addition, the weighted

average number of euphausiids and copepods found in the stomachs

of the three myctophids varied little from 1963 through 1965 (Table

15). In some collections (March, July and November, 1964) the

proportions of the different taxa ingested were fairly similar for the

three species (Tables 3, 8 and 12). In October 1965, large quantities

of euphausiids were found in all the fishes. In the replicate series of

collections of June 1967, Oikopleura sp. was the most common food

item of all the fishes.

Despite these apparent similarities, there were some dif

ferences in the stomach contents of the three species. Empty

stomachs occurred in 1% of D. theta, 20% of T. crenularis, and 24%

of S. leucopsarus collected at night. The amount of unidentified
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Figure 9. Percentage of cumulative weight of food items in
stomachs from fishes in 11 monthly collections.
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Figure 10. The percentage of Tarletonbeania crenularis, Diaphus
theta and Stenobrachiu s leucopsarus dominated
(greater than 50% of stomach biomass by copepods,
euphausiids, amphipods or unidentified material).
From Tables 4, 9 and 13.
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material was large in D. theta and T, crenularis, but small in S.

leucopsarus. In some collections (January, February and May, 1965)

the proportions of food items (copepods, euphausiids and amphipods)

differed in the different myctophids (Tables 3, 8 and 12), In March

1964, very large numbers of euphausiid larvae occurred in T.

crenularis and S. leucopsarus, but only a very few euphausiid larvae

occurred in the small number of ID. theta collected.

The number of individuals of a particular food item in each fish

varied within a collection. Except for euphausiid larvae, the maxi-

mum number of euphausiids found in one fish was four; the maxi-

mum number of copepods was 18 and amphipods was two, However,

most of the fishes contained one euphausiid and/or two or three

copepods (Tables 5, 10 and 14). The variation between collections

for weighted average numbers and weights was as large as the varia-

tion within a collection,

Different copepod species found in the different myctophids may

be explained in two ways. First, the large number of species found

in 5. leocopsarus may be due to the large number of individuals of

this species examined, since most of the copepod species were rare

and occurred infrequently. Copepods were found in 243 individuals

of 5, leucopsarus, in 67 ID. theta and in 95 T. crenularis, Secondly,

the differences may be partly due to the depth distribution of copepods

and fishes.
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The copepods from S. leucopsarus were mostly deep-water

species. Pearcy (1964) found that during the night S. lepsarus

had a center of abundance at about 50 meters, deeper than either

T. crenularis or ID. theta. The largest number of the copepods

Calanus cristatus, C. plumchrus, C. tenuicornis, Canadacia

columbiae, Pareuchaeta spp., Pleuromamma spp., and Gaussia

princeps were found in S. leucopsarus. Most of these copepods

were found below 75 meters off British Columbia (Cameron, 1957)

suggesting that much of the feeding of S. leucopsarus occurred well

below the surface.

The copepods found in T. crenularis showed less correlation

with a particular depth. Pearcy (1964) found that T. crenularis had

a center of abundance in the upper 10 meters. The largest number

of the copepods Acartia longiremis, Pseudocalanus sp. , and

unidentified copepods less than 1 . 5 mm in length were found in T.

crenularis and according to Cameron (1957) these species occur from

the surface to 600 meters. The absence of deep-water copepods

suggests that T. crenularis fed primarily in the near-surface waters.

The copepods found in ID. theta suggest that it fed at depths in

between T. crenularis and S. leucopsarus. Some deep-water cope-

pods and a large number of Pseudocalanus sp. were found in Q. hLa.

Pearcy (1964) found that at night ID. theta had a center of abundance

between ten and twenty meters, thus between T. crenularis and
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i?. theta.

Although stomachs from the three myctophids contained pri-

manly E. pacifica, M. lucens and Calanus spp.,, large variations in

numbers, occurrence and weight of food items were noted. Possible

sources of these variations are the abundance, availability and patchy

distribution of zooplankton; and the density, movement, feeding

selectivity and activity of the fishes. I will discuss briefly the 1mph-

cations of each of these factors.

Variations in the average population size of zooplankton are due

to recruitment, migration and mortality. Some epipelagic,

mesopelagic and benthic fishes off Oregon also utilize euphausiids,

copepods and amphipods as food sources, but little quantitative data

are available (Pearcy, unpublished). Very little is known about life

expectancy and recruitment of zooplanktori species off Oregon. How-

ever, Smiles (1969) reported that E. pacifica has a one year life span

and a reproductive period commencing as early as March and con-

tinuing through December. Considerable variation in zooplankton

abundance from 1963 through 1964 was found by Hebard (1966), sug-

gesting that changes in population sizes exist that could change the

availability of different food items,

Zooplankton appears to have a patchy distribution, but very

little is known about the size, density, composition or distance be-

tween patches (Cushing, 1961). Meter net tows off OregOn often
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indicate high variability of zooplankton numbers. Lanternfishes that

encounter high densities of zooplankton will probably have no dif-

ficulty finding food and presumably their stomachs should contain

numerous items. Fishes which do not encounter high densities may

have difficulty finding food if the density of food organisms between

patches is low.

Visual observations from submersibles have reported aggrega-

tions of myctophids during the day hundreds of meters below the sur-

face (Beebe, 1934; Backus etal., 1968). Surface aggregations of a

myctophid were reported at night in the equatorial Pacific (Beebe

and Vander Pyl, 1944). Some collections of fishes off Oregon mdi-

cated patchy distribution (Pearcy, 1964), while off Washington and

British Columbia IKMT collections seem to indicate a more even

distribution (Aron, 1962).

The implied clumped distribution of fishes and zooplankton

may explain some of the variations in stomach contents. For

example, the large numbers of euphausiid larvae in March 1964 and

adult euphausiids in October 1965 in the fish stomachs may be due to

the fishes encountering a high density patch of euphausiids. Many

fishes were captured in the tow on October 1965, indicating that the

fishes were also aggregated. The fishes examined from other col-

lections contained fewer numbers of euphausiids than the October 1 965

This suggested that these fishes may not have recently
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encountered patches and instead fed on organisms between patches.

Feeding and digestion rates of mesopelagic fishes are difficult

to measure in the ocean, and the hypothesis of continuous feeding is

difficult to support or refute with data on the digestion state and full-

ness of stomach contents. Some fishes had undigested material in

their stomachs in the afternoon indicating some recent feeding. But

the small number of fishes which appeared to have fed in the morning

and afternoon could not account for the large increase in the quantity

of well digested material found during the early evening. The

presence of the well digested material may be partly explained by a

slow rate of digestion and by the feeding time of the fishes. This is

partly indicated by the percentage of empty stomachs. Diaphus theta

collected at night had 1% empty stomachs and large quantities of

well digested material, indicating either continuous feeding during the

diel period, intense feeding during twilight period or a slow rate of

digestion.

Some of the differences found among the feeding habits of the

lanternfishes were appreciable and probably caused by the above

factors. For example, when euphausiids were very abundant in the

meter net tow in October 1965, only one D. theta had an empty

stomach; but a number of S. leucopsarus had empty stomachs. The

large quantities of well digested material in D. theta and f. crenularis

and not S. leucopsarus indicated differences among species. The
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different numbers of copepod species found in the different fishes

could reflect the number of fishes examined, but the differences are

more probably correlated with depth distribution,

Possible Competition for Food

Three species of lanternfishes feeding primarily on the same

resource (Euphausia pçifica) implies competition. However, in

order to have competition the resource must be in short supply. To

determine if there is a limited supply of E. pacifica available to the

lanternfishes, the production and utilization of E. pcifica must be

known, Good estimates of euphausild and copepod production and

abundances off Oregon are lacking. In addition, all the predators

of euphausiids and copepods must be studied adequately to determine

how much they eat, Finally the abundances of all euphausiid and

copepod predators must be determined, Until this information is

known, it will be impossible to determine the extent of competition

for euphausiids.
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CONG L IJSIONS

1. In the slope waters off central Oregon the lanternfishes

Tarletonbeania crenularis, Diaphus theta and Stenobrachius

leucopsarus fed primarily on the euphausiid pjiausia pacifica

and the copepods Metridia lucens and Calanus spp. The biomass

of euphausiids in the stomachs was much larger than copepod

biomass, but copepods were numerically more abundant than

euphausiids.

2. Well digested material occurred in many D. theta and T.

crenularis. Euphausiids dominated the stomach biomass in 40%

of the D. theta, 41% of the T. crenularis, and 49% of the S.

leucopsarus.

3. Thirty-five food taxa were found in S leucopsarus, twenty-one

in ID. theta and fourteen in T. crenularis.

4. At night only 1% of the D. theta had empty stomachs, while 20%

of the T. crenularis, and 24% of the S. leucçprus had empty

stomachs, suggesting that ID. theta either feeds continuously, or

has a slow rate of digestion, or feeds only at night.

5. The diets of the small fishes and the large fishes were similar

for the three species. Some of the smaller fishes contained more

copepods, but in most cases the food of the smaller fishes was

largely euphausiids by weight.
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6. From 1963 through 1965 siapacifica was the major

identifiable food item for all three lanternfishes.

7 During the winter, lanternfishes 25 miles offshore ate numerically

more euphausiids than copepods, while fishes 45 miles

offshore ate more copepods than euphausiids.

8. Most of the lanternfishes fed primarily at night in the upper 200

meters with some morning and perhaps afternoon feeding below

200 meters.

9. In most cases the fishes appeared to select euphausiids, copepods

and amphipods over medusae, shrimp and fishes.
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