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A 50 m2 pelagic trawl equipped with a codend opening-closing

device was used to sample micronektonic fishes between 500 in and 1000 ci.

Horizontal tows were made at 500, 650, 800 and 1000 m. Twelve of 15

common species captured showed significant diel differences in abundance

at one or more depths indicative of vertical migration. Distinct

vertical separation of day and night peaks in abundance of Bathylagus

milleri shows that it migrates from 650 m during the day to 500 ci at

night. Catches of Cyclothone aeclinidens and C. atraria were

significantly higher during night than day at 800 m, suggesting upward

migration from deeper depths at night.

Several species showed changes in migratory behavior with size.

Only small (<240 mu) Tactostoma macropus migrated vertically, whereas

only large (>110 mm) Bathylagus pacificus appeared to migrate. Many

species exhibited trends in size with depth, with size either increasing

or decreasing with depth.

Congeneric species usually had well separated population centers.

Bathylagus mulleri and B. pacificus had similar abundance peaks by day,

but B. miller! were shallower at night. Stenobrachius leucopsarus and

S. nannochir were clearly separated vertically both day and night. The
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four common Cyclothone species were divided into an upper and a lower

mesopelagic pair. Cyclothone pseudopallida and C. signata were most

abundant at 500 m day and night, whereas C. acclinidens and C. atraria

were most abundant at 800 m. All four common Cyclothone species

appeared to migrate.
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Vertical Distribution and Migration of Fishes from
the Lower Mesopelagic Zone off Oregon

INTRODUCT ION

Die]. vertical migrations of nektonic animals are a significant

feature of marine ecology, and undoubtedly play an important role,

directly or indirectly, in the life histories of both migratory and

non-migratory species. While the ecological and evolutionary roots of

this behavior remain obscure (McLaren, 1963; Enright and Hamner, 1967;

Enright, 1977), its importance cannot be denied. The role of vertical

migrations in energy transfer from the highly productive euphotic zone

to deeper layers, or to the bottom is poorly quantified, but vertical

migrations may be important energy pathways in waters of the

continental shelf (Isaacs and Schwartzlose, 1965), the upper continen-

tal slope (Sedberry and Musick, 1979) and possibly in the open ocean

(Vinogradov, 1962).

The depth to which vertical migrations extend in the ocean is not

known. Vinogradov (1962) hypothesized a chain of daily or longer-term

vertical migrations involving many species from the surface to depths

of 8000 m in oceanic waters. His concept of a "ladder of vertical

migrations" has been controversial (see Longhurst, 1976), and remains

untested, Anip1e evidence exists for diel vertical migrations of

micronekton in the upper 500 m (Pearcy, Krygier, Mesecar and Ramsey,

1977; Badcock, 1970; Badcock and Merrett, 1976; Frost and NcCrone,

1979, many others). However, few studies of lower mesopelagic vertical

migrations have been attempted, and these have been parts of larger

studies, usually of the 0-1000 in water column.



Upward vertical migrations from below 500 m have been shown by

Clarke (1973, 1974) for fishes captured by non-closing nets in the

Pacific Ocean near Hawaii. The deepest vertical migration he found was

for the myctophid Lampanyctus nobilis, which had a day depth range of

590-1200 m, and a night depth range of 40-140 in. Lampanyctus steinbecki

and Ceratoscopelus warmingi undertook similar extensive vertical migra-

tions. The deepest vertical migration found by Badcock and Merrett

(1976) was for Ceratoscopelus warmingi, which moved from 900-1500 in

during the daytime to the upper 200 in at night in the eastern North

Atlantic. Their samples were taken over sevei days with an RNT 1+8

opening-closing net. Waterman, Chace, Nunnemacher and Clarke (1939)

found evidence for upward vertical migrations of several species of

shrimps from 800 in at night. Their samples were taken over six days at

one station with closing two meter plankton nets hauled horizontally.

Vertical migration of the uid Abraliopsis sp. A from depths of 500-

800 in during daytime to the upper 200 in at night near Hawaii was shown

by Young (1978). His samples were taken seasonally over five years with

non-closing IKMT and Tucker nets.

Little evidence exists for upward vertical migrations from very

deep water (>1000 in) into lower mesopelagic depths. Foxton (1970)

found some evidence for vertical migrations by shrimp from below 1000 m

into lower mesopelagic waters at night, but flushing problems with his

net leave this evidence in doubt. Badcock and Merrett (1976) noted

that among fishes collected in the Northeast Atlantic, "the migratory

elements of any population were not found nocturnally at depths

greater than 600 in." Badeock (1970) found evidence for upward migra-

tion of Searsia koefoedi from 900 in during the day to 500 in at night,
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but this was based on only nine specimens. Waterman and Berry (1971,

cited in Longhurst, 1976) showed upward vertical migrations of zoo-

plankton from as deep as 1400 in, and evidence of downward migration of

two species of chaetognath from 1700 m at dawn. Their data are not

available for inspection.

Many types of nets have been used to study vertical distribution

and migration, but most have been Isaacs-Kidd midwater trawls, or

rectangular midwater trawls, Clarke (1973) used a large pelagic Cobb

trawl, similar to the one used here, but he concluded that a 10 ft

(3 in) I}4T was more effective at catching micronektonic fishes,

principally due to its greater towning speed. However, large nets

yield higher catches in the same time period, and have reduced avoidance

problems with larger animals (Pearcy, unpublished).

This paper presents data on the vertical migrations and distribu-

tions of 15 common midwater fish species captured in the lower meso-

pelagic zone (sènsu Hedgpeth, 1957) of Oregon. This study differs

from those mentioned above in that 1) a large trawl (50 in2 mouth) with

opening-closing capability was used, and 2L trawling was done exclusively

in the lower mesopelagic zones To my knowledge, this is the first

study of fish vertical distribution and migration aimed exclusively at

the lower mesopelagic zone. This is also the first report of discrete-

depth captures for many species previously reported from non-closing

net collections only.
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MATERIALS AND METHODS

Fishes were collected from the RIV Pacific Raider from 1 September

to 7 September, 1978 in an area between 44°25'N and 44°52'N and

between 125°20'W and 126°04'W. This area is 100-158 km west of Newport,

Oregon. Total water depth varies from 2800 to 3000 in.

7
Collections were made with a large pelagic trawl, mouth area 50 in

equipped with a Multiple Plankton Sampler which fishes five opening-

closing codend nets (see Pearcy, et al., 1977 for a description of the

Multiple Plankton Sampler; Pearcy, unpublished, gives a description of

the pelagic trawl, its calibration and operation). The small-mesh body

of the trawl (exclusive of the wings) is of 19 mm stretch mesh, and the

multiple codend nets are of 9 mm stretch mesh. The trawl is equipped

with a headrope transponder for continuous monitoring onboard ship of

fishing depth.

Four discrete depth horizons were sampled, 500, 650, 800 and 1000 in.

A total of nine tows were made. Day and night tows were taken at 500,

650 and 800 in. Two day and night tows were made at 500 in. Only a night

tow was made at 1000 m; gear problems precluded a day tow at this depth.

Collection information is summarized in Table 1.

Samples were preserved at sea in 10% Formalin in seawater. Fishes

were sorted from the other micronekton and placed in 20%, and later 50%

isopropyl alcohol. They were identified to species and standard

length (SL) measured to the nearest millimeter, In most cases, the

lengths were grouped into five mm size groups for presentation.

The first net of the five net series in each tow fished from the

surface to fishing depth. These samples were not included in this

analysis as they sampled too broad a depth range to be useful. The



Table 1. Summary of collection information for midwater trawis taken 1 September
6 September, 1978 off Newport, Oregon.

1 . Depths fished (m)
Time

Trawl No. Date Nets 2-5 Net2 Net 3 Net 4 Net 5

2438 l-IX-78 2158-0558 500-520 495-505 500-550 480-540

2439 2-IX-78 0936-1736 470-500 485-500 495-510 500-520

2440 2-IX-78 2208-0608 635-660 655-660 650-675 650-680

2441 3-IX-78 1034-1834 635-720 645-670 625-665 625-655

2442 3-Ix-78 2248-0648 940-1050 930-950 940-960 960-985

2443 4-IX-78 2147-0547 770-805 800-810 2810 82O 282O

2444 5-Ix--78 0929-1729 740-815 760-810 760-830 750-790

2445 5-IX-78 2158-0558 515-555 500-520 500-510 475-505

2446 6-IX-78 0955-1755 475-505 495-510 480-500 480-505

'Time is for nets 2-5 inclusive only. Net 1 data not included in table. Nets 2-5

fished two hours each at the indicated depths.

2Gifft depth recorder onboard ship failed at about 0200 hours (5-IX-78). At that

time, net was at 820 m.
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succeeding four nets of a tow fished at approximately the same depth

for two hours each in all cases (Table 1). The trawl fishes open to

the surface (no codend net) after the last net has closed. While nets

were centered at about the target depth, the trawl wandered up or down

as much as 70 m during collection by a given net. However, most devia-

tions were no more than 50 m up or down. This problem was more severe

in the deeper tows. The depths actually fished at each target depth

were about the same for day and night tows, and the depth intervals

between tows were large (150-200 m) in comparison to the deviations at

any one depth. Therefore, these variations in sampling depth have

little effect.

Tows usually commenced about one hour after sunset or sunrise and

terminated about one hour before sunrise or sunset, to avoid the

supposed period of most active vertical migration. However, the last

nets of some night tows sampled during the morning increase in light

intensity.

Light level was continuously monitored on deck with a photo-

multiplier photometer with cosine collector, mounted well above the

ship's lights. One photometer cast was made to obtain an attenuation

curve. A complete description of the photometer, its calibration and

use is given by Gallacher, Stein, Zaneveld and Mesecar (unpublished).

Light values for depths below 475 in Ethe deepest point on the

attenuation curve) were extrapolated from the attenuation curve (see

Discussion below, Fig. 16).

Volume sampled was taken to be the distance the ship traveled in

meters x 50 in2, the observed mouth area of the net (Pearcy, unpublished).

These values are approximate, since the mouth area of the net is not



fixed. However, it was eelt that this estimate of volume filtered was

a better indicator of effort than catch per hour of towing or catch.

per net. The densities as calculated above are in the range of those

found by Pearcy, et al. C1977) for species which are sampled equally

well by both the 40 m2 pelagic trawl and a 54 m2 (8 ft) II4T, indIca-

ting that this provides a good estimate of volume samples.

Although contamination may be a problem with any codend opening-

closing device, trials with the pelagic trawl have shown an average

travel time of dead fish through the trawl of about 10 tnin. When

compared to the two hour sampling intervals for each net, such contamina-

tion can be considered minor. The fact that tows were horizontal reduces

contamination further. Nevertheless, it is possible that very slender

animals, or those with large teeth (e.g, Tactostoma macropus, Chauliodus

macouni) may hang up in the trawl body and have longer travel times.

Friedman two-way analysis of variance tests (Tate and Clelland, 1957)

were performed to determine whether there was a significant bias in

the data introduced by flushing problems in the trawl body. If animals

were delayed within the trawl, higher catches would be expected in the

latter nets of a tow. The nets were ranked within each tow for each of

the common species, and for total fish abundance. A total of 16 tests

were performed. In no case was significant bias introduced by net

number (p>O.05), indicating that the later nets of a tow have no

consistent tendency toward higher catches.

Abundance at each depth was calculated as the average of the four

or eight nets sampling in the appropriate time-depth position (e.g.

500 ra day value=average of eight nets sampling 500 m during the day).

For the size-abundance histograms, the number in each one mm or five mm
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size-class was summed over the appropriate four or eight nets and

divided by the total estimate.d volume sampled in that position. The

former method allowed a best estimate of the abundance at any one depth

horizon, while the latter gave a clearer picture of the size composition

at any one depth horizon day or night.

The two 500 in tow series were considered to be replicates and were

combined for the depth-abundance and size-abundance analyses. Mann-

Whitney U tests (Tate and Clelland, 1957) were performed to check for

differences between the two day tows and between the two night tows at

500 in. Tests were made for the 15 common species; a total of 30 tests

were performed. In only three cases were significant differences

found (two sided p=O.O5). Chance alone would dictate one or two

significant differences (30 x 0.05=1,5). The few significant differences

between tows at 500 in suggests that temporal variations were not large.

This supports the validity of comparing day and night catches among nets

of two tows at the same depth on different days. Further, since we wish

to estimate the abundance of each species or size-class in an area of

ocean, the more samples which are incorporated into the estimate, the

better the characterization will be. On these grounds, samples were

combined to give the estimate of abundance of a species or size-class

at a particular depth in the sampling area.

Mann-Whitney U tests (Tate and Clelland, 1957) were used to detect

diel differences in abundance as evidence for or against vertical migra-

tion. Two sided probabilities <0.10 were considered significant. The

test was sometimes applied to certain size ranges to check for size

dependence in vertical migration.

Obviously the conclusions reached here about significant



differences between day and night abundances apply only to the

particular date sampled. Significant day-night differences in

abundance may or may not be found on other dates. Likewise, while

catches of a species may be higher day than night (or vice versa) on

the date samples, they may be higher night than day on another date.

Without replication over days, one cannot assess whether the diel

differences in catches found are the result of regular diel movements

or of random vertical movements. However, the bulk of the literature

on vertical migration supports the assumption that these are regular

diel movements.



RESULT S

A total of 10,335 fishes were captured, representing 56 species in

26 families (Table 2). Species found in one-half or more of the samples

(>18 of 36 nets) were selected for detailed analysis. This accounted

for 15 of the 56 species captured and amounted to about 93% of the

individuals captured. These species are indicated in Table 2. In the

following treatment, the 15 common species are ordered by family

according to Nelson (1976).

Family Bathylagidae

Bathylagus milleri

Bathylagus milleri was the only species captured in this study which

showed a vertical migration contained for the most part in the sampling

interval (Fig. lA). Most B. milleri appeared to reside at about 650 in

during the day, and move to 500 in or above at night. Night catches were

significantly higher than day catches at 500 m (Mann-Whitney U test,

p<O.lO), and day catches were significantly higher than night catches

at 650 in (p=O.O5). No dial difference in catches was found at 800 in

(p>020),

No clear difference in size structure was noted between the 650 in

day samples and the 500 in night samples. A broad spectrum of sizes

(25-180 mm) appeared to undertake vertical migration from 650 in (Fig. 2).

The size mode at 55-95 mm found at 650 in in the daytime is poorly

represented at 500 in at night. Animals 35-65 nun in length predominated

in the daytime catches at 500 in. These trends indicate that smaller

animals have a different migratory pattern than larger animals, perhaps

migrating above 500 in at night. Size increased with depth from 500
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Table 2. List of species captured in a pelagic trawl off Oregon,
1 September to 6 September, 1978. Families ordered
systematically after Nelson (1976). Species marked by
an asterisk (*) are those found in 1/2 or more of the
net samples.

Number Size range Number
Species Caught (mm) of nets

Petromyzontidae
Lampetra tridentata 3 241-253 TL 2

Nemichthyidae
Avocettina infans 21 501-602 14

Nemichthys larseni 1 657 1

Bathylagidae
*Bathylagus milleri 560 26-180 26

B. ochotensis 61 25-93 14

*B. pacificus 1671 28-170 30
B. wesethi 3 27-44 2

Nansenia candida (?) 22 68-182 12

Opisthoproctidae
Dolichopteryx sp. 3 89(+2) 3

Bathylychnops exilis 10 110-48 7 6

*Macropinna microstoma 155 22-140 23

Alepocephalidae
Talismania bifurcata 10 40-91 7

Sears iidae

Holtbyrnia sp. 2 46-47 2

Normichthys cambelli 1 92 1

Pellisolus sp. 5 41-58 4

Sagamichthys abei 24 38-112 15

Gonostomatidac
*Cyclothone acclinidens 373 25-61 20

atraria 550 24-59 32

C. pallida 27 42-62 10

*C. pseudopallida 233 32-58 21

*C. signata 519 23-46 24

Danaphos oculata 1 pieces 1

Sternoptychidae
Sternoptyx diaphana 12 21-43 10

Chauliodontidae
*Chauljodus macouni 1223 27-229 35

Astronesthidae
Borostomias panamensis 1 178 1



Table 2 (continued)

Species

Melanostomiatidae
*Tactostoma macropus
Bathophilus flemingi

Malacosteidae
Aristostomias scintillans

Scop elo sauridae

Scopelosaurus harryl

Myc tophidae

Ceratoscopelus townsendi
Diaphus theta
Lampanyctus ingens

*L. regalis
L. ritteri
*Stenobrachjus leucopsarus
* nannochir
Protomyctophum crockeri
P. thompsoni
Taaningichthys bathyphilus
Tarletonbeania crenularis
Symbolophorus californiensis

Paralepididae
Lestidium ringens
Paralepis atlantica

Scopelarchidae
*Benthalbella dentata

Macrouridae
Coryphaenoides sp. (Juveniles)

Nelanonidae
Melanonus zugmayeri

Oneiroididae
Bertella idiomorpha
Oneirodes bulbosus

Melamphaeidae
*Melamphaes lugubrIs
*PorOmitra crassiceps

Number Size range Number
Caught (mm) of nets

627 91-369 29

1 100 1

110 29-197 11

2 142-179 2

1 68 1

6 52-64 4

17 85-199 9

449 27-172 32

134 46-127 16

2178 15-100 34

397 26-125 29

3 32-33 3

45 29-48 15

1 63 1

2 20+pieces 2

49 67-97 10

17 84-149 5

1 365 1

188 51-220 24

55 40-97 16

13 155-221 6

1 1

1 1

168 23-88 29

301 25-120 21



Table 2 (continued)

Species

Anoplogasteridae
Anoplogaster cornuta

Caristiidae
Caristius macropus

Centro lophidae

Icichthys locking toni

Cottidae
Psychrolutes phrictus

Scorpaenidae
Sebastolobus altivelis

9c

Number Size range Number
Caught (mm) of nets

3 92-131 2

1 166 1

1 287 1

2 30-31 2

65 27-60 14
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to 800 in during daytime.

Pearcy, et al. (1977) give a depth range of 100-900 in for this

species off Oregon, with maximum abundance by day at 600-700 m, and by

night at 300-400 and 500.-600 m (two peaks).

Bathylagus pacificus

No diel vertical migration was evident for the population of this

species as a whole in the sampling area (Fig. 13). The consistently

lower catches in daytime than at night indicate possible avoidance of

the trawl during daylight hours. Catches were significantly higher

during night than day only at 500 m (p<O.Ol). This may be due to two

factors: 1) large individuals caught at 500 in at night (Fig. 3) avoided

the trawl during the daytime, or 2) individuals larger than 110 tam SL

undertook vertical migration from 650 m during the day to 500 m at

night. This second possibility is shown by the absence of larger

individuals (>110 mm) in the day samples at 500 in, and the higher day

than night catches (p<O.lO) of these larger individuals at 650 in. Such

a migration was not evident from the depth-abundance curves (Fig. 13).

There was an overall trend of decreasing size with depth both day

and night for B. pacificus in these samples (Pig. 3). At night, the

500 in samples had the highest proportion of individuals larger than

110 mm. The 650 in samples showed a bimodal population, and both the

800 in and 1000 m samples had no mode at sizes greater than 110 mm, but

strong ones at 50-70 mm. This indicates that larger individuals were

common in shallower water. However, increasing modal size was found

within the smaller size-class over the range from 650 in to 1000 in at

night. The most abundant size at 605 in was 50-55 mm, at 800 in, 55-60 mm

and at 1000 in, 60-65 mm. A similar trend appeared at 650 to 800 in
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during the day. Thus, animals in the smaller size-class (50-70 mm)

appear to move deeper with growth. Upon entering the larger size-

class (?ll0 mm), they appear to seek shallower depths and undertake a

vertical migration at night..

Pearcy, et al. (1977) give the depth range of this species as

l0Q-l000 m off Oregon, with maximal abundance at 900-1000 in at night,

and 500-600 in by day. Maximum abundances found by them were much lower

than those found here, principally due to the capture of much larger

animals in the pelagic trawl than in a 5.4 in2 (.8 ft) IKMT.

Family Opisthoproctidae

Macropinna microstoma

This species exhibited what is probably an upper mesopelagic

distribution, being found in highest abundance at 500 in day and night

(Fig. 1C). Vertical migration was not evident, i.e. no significant

diel differences in catches were found at any depth.

There was a definite increase in size of M. microstonia from 500 in

to 650 in day and night (Fig. 4). Individuals caught at 650 in were

mostly larger than the bulk of those caught at 500 in.

Family Chauliodontidae

Chauliodus macouni

Chauliodus macouni, a cotmion upper mesopelagic fish off Oregon

(Pearcy, et al., 1977), shows a typical upper mesopelagic distribution

in the present samples, being found in highest abundance at 500 in day

and night (Pig. 1D). The higher day than night catches at 500 in

(pz0.O5), are suggestive of a vertical migration into upper mesopelagic

waters at night. No difference was found between day and night catches
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at 650 or 800 in (p>O.lO).

Diel difference in catches at 500 in is primarily in the smaller

size groups (<150 mm), suggesting size-dependent vertical migration

(Fig. 5). No clear size-depth trend was evident.

Pearcy, et al. (1977) give 0-1000 in as the depth range of this

species off Oregon, with maximum abundance day and night at 400-500 in.

They noted no vertical migration for this species. Frost and McCrone

(1979) gave 150-450 in as the vertical range of C. macouni in the Gulf of

Alaska, and found no evidence for vertical migration.

Family Gono s tomat idae

Cyclothone acclinidens

Cyclothone acclinidens exhibits a lower mesopelagic distribution,

with maximum abundances, day and night, at 800 in (Fig. 6A). The higher

night than day catches at 800 m (p=O.O5) suggest a vertical migration

into this depth horizon at night, No significant diel difference in

catches was found at any other depth. A daytime peak of similar

magnitude was not found, but may have occurred at 1000 in, where no

samples were taken during daylight. Enhanced daytime avoidance of the

trawl is unlikely, due to the small size of these animals,

No size-dependent vertical migration or size-depth trend was noted

(Fig, 7A).

Kobyashi (1973) tentatively gives 3O0-1700 in as the depth range of

C. acclinidens, with maximum abundance at 600-800 m. His review of

literature records to 1973 points out that depths of capture rejorted

for this species are highly inconsistent. His data indicate a general

increase in size with depth Badcock (1970) notes that the population

was centered below 800 in day and night in his samples from near the
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Canary Islands. DeWitt GL972 found C. accilnidens between 0 and 900 m

off Southern California, with maximum abundances at 700-800 in. He

found the smaller individuals were shallower than larger individuals,

and noted no vertical migration.

Cyclothone atraria

Along with its congener, C. acclinidens, C. atraria shows a lower

mesopelagic distribution, with a night peak in abundance at 800 m, and

a day peak at 650-800 in (Fig. 6B). As with C. acclinidens, the higher

night than day catches at 800 in (p=O.O5) are suggestive of a vertical

migration into this depth horizon at night. Again, net avoidance can

be ruled out, and escapement can be considered equal day and night.

No size-dependent vertical migration pattern or size-depth trand

was noted (Fig. 7B).

The data of Kobayashi (1973) show 1600-2400 in as the depth range

of C. atraria, with maximum abundance at 2100-2200 in. However, he

points out that knowledge of this species1 depth distribution is very

limited, and he had no data from opening-closing nets for C. atraria.

As was the case with C. aeclinidens, kobayashi found very inconsistent

literature records for C. atraria. Pearcy, et al. (1977) give 100-

1000 in by day and 50-1000 in at night as the depth ranges for C. atraria

off Oregon, with maximum abundances at 600-800 m day and night.

Cyclothone pseudopallida

In contrast to C. accilnidens and C. atraria, C. pseudopallida

shows an upper mesopelagic distribution, being found in highest abundance

at 500 in day and night, with almost no animals below 650 in (Fig. GC).

Significant diel differences were found in the catches at 500 in (p<O.Ol),



14

suggesting vertical migration into the upper 500 m at night.

No size-dependent vertical migration or size-depth trend was

noted (Fig. 8A).

Kobayashi (1973) gives the depth range of C. pseudopallida as

300-1100 m with maximum abundance at 800-900 m. Badeock (1970) found

that this species was distributed from 550-800 m, and was apparently

non-migratory. Further west in the Atlantic, Badcock and Merrett (1976)

found this species from 400-1250 m depth, with maximum abundance at

500-800 m. Their data suggest that C. pseudopallida undergoes no

vertical migration. Badcock and Merrett also noted increasing size

with depth for C. pseudopallida.

Cyclothone signata

Along with C. pseudopallida, C. signata shows an upper mesopelagic

distribution, being found in highest abundance at 500 m day and night

(Fig. 6D). Cyclothone signata also appears to undertake a diel vertical

migration into the upper 500 m at night, as evidenced by the significantly

lower night than day catches at 500 m (p<O.lO). Diel differences in

catches were not found at any other depth horizon.

Kobayashi (1973) gives the depth range of C. signata as 200-800 m,

with maximum abundance at 400-500 m. He also notes increasing size

with depth between 300 and 600 m. Pearcy, et al. (1977) gives 50-1000 m

as the depth range of C. signata off Oregon, with maximum abundances at

400-500 in day and night. DeWitt (1972) found C. signata between 0 and

900 in off Southern California, with abundance peaks at 400-500 m. He

found some evidence for vertical migration of this species into the

upper 100 in at night.
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Family Nelanostomiatidae

Tactostoma macropus

Tactostoma macropus shows a typical upper mesopelagic distribution,

with day and night peaks in abundance at 500 in (Fig. 9C). Day catches

were significantly higher than night catches at 500 in (p<O.Ol). No

significant diel differences were found at any other depth horizon.

Figure 10 shows the size-abundance distributions for catches of

T. macropus. It is obvious from these data that animals smaller than

240 mm account almost exclusively for the large diel difference in

catches at 500 in, and, further, probably account for the vertical

migration observed by Pearcy, et al. (1977). Night abundances of

animals larger than 240 mm were not significantly less than day (p>O.1O),

indicating that these large individuals do not undertake vertical

migration. No size-depth trend was noted for T. inacropus within the

500 to 1000 m interval. High catches were restricted to the two 500 in

tow series.

Pearcy, et al. (1977) caught T. macropus from 0 to 1000 in off

Oregon, with maximum abundances at 400-500 in by day and 0-50 in at night.

They show a vertical migration of this species from 450 in during the

day to the upper 100 in at night. The large difference in catches at

500 in found in this study supports their findings.

Family Nyctophidae

Lanipanyctus gnlis

Lampanyctus regalis shows a peak in abundance at 650 in day and

night (Fig. 9A). The higher day than night catches at 650 in, although

not significantly higher, are suggestive of a vertical migration out of

this depth horizon at night. Conversely, night catches were higher
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than day catches at 500 in (p<O.O5), indicating an upward vertical

migration at night. Avoidance of the trawl can probably be ruled out,

as day catches were much higher than night catches at 650 in.

The higher day than night catches of 50-60 mm fish at 650 in, and

the higher night than day catches of these fish at 800 in is suggestive

of a reverse vertical migration of 50-60 ma individuals from 650 in in

the daytime to 800 in at night (Yig. 11), As the evidence cited above

suggests an upward vertical migration of the population as a whole,

these 50-60 mm fish may have two migratory patterns, with one group

moving up at night, and the other moving down. No increase or decrease

in size with depth was noted.

Pearcy, et al. (1977) give 0-1000 in as the depth range for this

species in their samples, with highest catches at 400-500 in day and

night. Their unpublished data shows that the highest abundances in

their samples were close to the lowest abundances found in this study.

Stenobrachius leucopsarus

Stenobrachius leucopsarus is the most abundant lanternfish in the

upper 500 in off Oregon (Pearcy, et al', 1977). Peaks in abundance in

the present samples were at 500 in day and night (Fig 12A). The wide

difference in catches at 500 in suggests a vertical migration into upper

mesopelagic waters at night, as shown by Pearcy, et al. (1977). Day

catches were significantly higher than night at 500 in (p<O.O5). No

significant diel differences in abundance were detected at any other

depth horizon.

An increase in size with depth was noted for S. leucopsarus between

500 in and 650 in both day and night (Fig. l3A). The 500 in samples show

a bimodal population, while the 650 in samples have only one mode, at
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Pearcy, et al. (1977) caught S. leucopsarus from 0-1000 in. Peaks

in abundance in their samples were at 300-600 in by day, and 0-50 in at

night. This species is a vertical migrator, but some proportion of

the population remains at depth at night off Oregon (Pearcy, Lorz and

Peterson, 1979). Wisner (1976) notes that S. leucopsarus is commonly

taken in the upper 30 in at night. Frost and McCrone (1979) caught this

species between 0 and 450 in (the depth range of sampling) in the Gulf

of Alaska. Peaks in abundance were at 0-55 in at night and 275-330 m

during the day. They also noted that not all individuals participated

in the vertical migration, but a majority did. Taylor (1967) caught

S. leucopsarus between 90 and 730 in in the daytime, and 0-320 in at night.

He found this species associated with sound scattering layers off

British Columbia.

Stenobrachius nannochir

Unlike its congener, S. nannochir is a lower mesopelagic species,

with day and night peaks in abundance at 650 in (Fig. 12B). The higher

day than night catches at 650 in, though not significant (p>O.lO), are

suggestive of diel vertical migration out of this depth horizon at night.

Night catches were higher than day catches at 800 in (p=O.O5). This

suggests a reverse vertical migration from 650 in during the day to 800 m

at night.

Size appeared to increase with depth between 500 and 650 m, both

day and night (Fig. 13B). Below 650 in, size remained relatively con-

stant with depth.



Pearcy, et al. (1977) found this species between 400 and 1000 in

off Oregon. Peaks in abundance, taken from their unpublished data,

were at 600-700 m day and night. The abundances found in that study

agree well with those presented here. They found no evidence for

vertical migration of S. nannochir. Wisner (1976) reports that S.

nannochir is taken as shallow as 300 in in daylight.

Family Scopelarchidae

Benthalbella dentata

Highest catches of this species were at 500 m and 650 in; catches

below 650 in were very low (Fig. 93). No diel differences suggestive

of vertical migration were found at any depth horizon. The maximum

abundance of this species probably lies above the 500 in upper limit of

sampling

Size appeared to decrease with depth from 500 in to 650 m both day

and night (Fig. 14). Smaller individuals (<75 mm) were more abundant

at 650 in both day and night, and no large individuals (>170 mm) were

captured at 650 in.

Hart (1973) gives a depth range of 100-1000 in for this species off

Canada. Johnson (1974) gives 500-1000 in as the depth range of B.

dentata from literature records, but notes a few captures shallower

than 500 in. The unpublished data of Pearcy, et al. (1977) shows this

species between 200 and 900 in off Oregon, with peak abundances at 300-

500 in day and night.
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Family Nelamphaeidae

Melainphaes lugubris

Nelamphaes lugubris showed a lower mesopelagic distribution, with

day and night peaks in abundance at 650 in (Fig. l2C). The higher day

than night catches at 650 m, though not significant (p>O.lO), and the

significantly higher night than day catches at 500 m (p<O.lO) are

suggestive of a limited vertical migration of this species off Oregon.

Analysis of the catches of nets within the two 650 in tows (Table 3)

reveals much higher catches in the last net of both the day and night

tows at this depth. These higher catches may represent the migrating

group of N. lugubris moving upward from below 650 m at the end of the

day, and descending through the net path to below 650 in at the end of

the night. As mentioned above, no systematic bias exists among nets

for N. lugubris, so these higher catches are probably real indicators

of vertical movement.

Analysis of size-abundance distributions for N. lugubris shows

that small individuals (20-40 mm) were found in high abundance at 650 m

during the day, but were absent from this depth at night (Fig. l5A).

No corresponding night peak for these individuals was found, suggesting

that they moved to depths above 500 in at night. Animals larger than

70 mm were found in high abundance at 500 and 650 in at night, but were

only taken in low abundances at 800 in during the day, indicating that

they migrated upward from some unsampled depth interval. The large

day-night differences in size distribution both at 500 in and at 650 in

argue for upward vertical migration of N. ubris from depths of 650 in,

and possibly deeper.
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Avoidance of the trawl may account for some of the differences

observed at 500 m, but cannot account for the lack of 20-40 mm

individuals in the 650 in catches at night.

Pearcy, et al. (1977) caught N. lugubris between 50 and 800 in off

Oregon. Peaks in abundance in their samples were at 500-600 in by day,

and 200-300 in and 700-800 in at night. Abundances found in this study

are, for the most part, much higher than those found by Pearcy, et al.

Ebeling (1962) gives the upper depth limit of adult N. lugubris as 200-

300 in, with young individuals occurring as shallow at 50-75 in.

Poromitra crassiceps

This species showed a lower mesopelagic distribution, being found

in highest abundance at 800 in day and night (Fig. l2D). The essentially

zero catches at 500 in show that this species is only rarely found at

this depth, further indicating that it is almost exclusively a lower

mesopelagic and bathypelagic form. The lower catches in day than night

tows at 800 in suggests migration into this depth horizon at night, or

daytime avoidance. Significant differences in day and night catches,

however, were not found at any depth horizon.

Average size increased with depth (Fig. 158). This trend was most

inarke.d between 650 and 800 in, but extended to 1000 m at night. No size-

dependent vertical migration was noted.

Pearcy, et al. (1977) caught P. crassiceps between 400 and 1000 m

with peak abundances at 800.-9Q0 m day and night. They found no diel

difference in catches of P. crassiceps at 800-900 in. Their unpublished

data also show a smaller day peak at 500-600 m. Abundances of .

crassiceps found by Pearcy, et al (1977) are, by and large, comparable

to those found in this study.
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Table 3. Catches of Melamphaes lugubris by net for day and night tows
at 650 in. Entries are number per 100,000 in3, numbers caught
per net are given in parentheses. The times that each net
fished are given.

time 1034-1234

Day 1.556

(6)

time 2208-0008

Night 0.597

(2)

1234-1434 1434-1634 1634-1834

0.516 1.509 7.185

(2) (6) (36)

0008-0208 0208-0408 0408-0608

0.725 1.290 4.516

(3) (5) (24)
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DISCUSSION

Evidence for vertical migration

Several types of evidence can be used to show vertical migration

of a species or size-class. The best evidence for vertical migration

is distinct vertical separation of day and night abundance peaks of

similar magnitude. When either the day or night peak does not coincide

with a sampled depth, however, significant day.-night differences in

catches at one depth interval or horizon can be considered as indirect

evidence of vertical movement of a population. But this evidence must

be considered with caution, since light-aided avoidance of the sampling

gear may result in higher night than day catches. Therefore, higher

day than night catches provide stronger evidence for diel vertical

migration.

Changes in size-abundance distributions with depth may show some

features of vertical migration not evident from the abundance-depth

analysis. Vertical separation of day and night peaks in abundance of

one age or size-class, or significant diel differences in catches of

one size-class at one depth may also provide evidence for vertical

migration. Again, higher day than night catches of a size-class are

better evidence for vertical migration, since animals may avoid the

trawl during daytime.

Analysis of serial samples (nets) within day and night tows at one

depth may also show a vertical migration which is not evident from the

depth-abundance curves. Unusually high catches at the beginning or end

of a tow may be indicative of movement of animals vertically through

the path of a horizontal tow, particularly when these unusual catches
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are correlated with rapid changes in light intensity. Such evidence

may corroborate patterns seen in other analyses. However, high catches

in the last net of a tow may be due to delayed flushing of the trawl

body. Such a bias in the data must be assessed before high catches can

be considered as evidence for vertical migration.

In this study, only one species, Bathylagus milleri, had distinct

day and night peaks in abundance at different depths: day catches were

higher than night catches at 650 in and night catches were higher than

day catches at 500 in. Direct evidence for vertical migration of a size

class (individuals >110 mm) from 650 in to 500 in was found for Bathylagus

pacificus.

Many species showed indirect evidence for vertical migration.

Stenobrachius leucopsarus, T macropus, C macouni, C. signata and C.

pseudopallida all showed higher day than night catches at 500 in, indica-

ting vertical migration into the upper 500 m at night. Lampanyctus

regalis and M. lugubris both demonstrated higher night than day catches

at 500 m, suggesting vertical migration to this depth from around 650 in

at night, Cyclothone acclinidens and C. atraria showed higher night

than day catches at 800 m, suggesting vertical migration to this depth

at night, presumably from deeper water, This is in contrast to the

findings of Badcock and Merrett (1976) that vertically migrating fishes

were not found deeper than 600 in at night in the eastern North Atlantic.

Higher night than day catches were also found for S. nannochir at 800 m,

but in this case, a reverse vertical migration is suggested by higher,

though not significantly higher day than night catches at 650 in.
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Size-.depth trends and size-dependent vertical migration

Several species showed vertical changes in size distributions.

For most species, this was an increase in size with depth (N.

microstotna, S. nannochir, P crassiceps, S. leucopsarus, B. milleri).

A general decrease in size was noted with increasing depth for other

species (B. dentata, B. pacificus).

Species with size-depth relationships often had a size-dependent

vertical migration pattern. For example, large individuals of B.

pacificus appeared to migrate from 650 m in the day to 500 m at night.

Two size-classes of B. pacificus were present in the samples which

clearly had different migration and distribution patterns. Similarly,

the smaller of two size-classes of M. lugubris had a different migratory

pattern than the larger. Small, but not large, individuals of T.

macropus migrated upward Out of the 500 m horizon at night. In other

cases (e.g. B. milleri), there appeared to be no size-dependent migra-

tion pattern; a wide range of sizes migrated vertically, but apparently

to different levels in the water column.

Congeneric species pairs and groups

Of the 15 coumon species captured in these collections, eight

species fell into three generic groups; Bathylagus uiilleri and pacificus,

Stenobrachius leucopsarus and nannochir, and Cyclothone acclinidens,

atraria, pseudopallida and signata. Each group is part of a well-

defined genus, and the species within each group are relatively easy

to separate. The Cyclothone group is a more difficult case, but the

work. of Kobayashi (1973) has contributed greatly in this regard.



The Bathylagus rnilleri.-pacificus species pair has not been

discussed in the literature, to my knowledge. Both species had a day

peak in abundance at 650 in in the present samples. At night, however,

B. milleri migrated upward to 500 m or above, while only larger B.

pacificus appeared to migrate to 500 m. The night abundances of both

species at 500 in were roughly comparable (Figs. lÀ and B). The

population center of B. milleri may lie shallower than 500 in at. night,

and clearly the center of the B. pacificus population lies at or about

650 in. Thus, while these two species show similar vertical distributions

by day, their populations are well separated at night. Bathylagus

pacificus is considerably more abundant than B. milleri below 500 m,

and B, milleri can be expected to be the more abundant species at and

above 500 in.

The Stenobrachius leucopsarus-nannochir species pair shows a

slightly different pattern than that outlined above. Stenobrachius

leucopsarus is clearly an upper mesopelagic species (Pearcy, et al.,

1977; Ebeling, Ibara, Lavenberg and Rohif, 1970; Paxton, 1967; Pearcy

and Laurs, 1966; this study), with day and night peaks in abundance at

50.0 in in the present samples Stenobrachius leucopsarus migrated out

of the 500 in horizon at night, and showed no significant movement out

of the 650 in horizon (Fig. l2A). Stenobrachius nannochir, on the other

hand, is just as clearly a lower mesopelagic species, with day and

night peaks in abundance at 650 in. Thus, the population centers of

these two species are well separated night and day. Stenobrachius

leucopsarus remains in higher abundance than S. nannochir at 650 in both

day and nights However, the vertical separation of population centers

is clear for these two species in mesope.lagic waters off Oregon



(Pearcy, et al., 1977, this study).

Perhaps the most interesting species encountered in these collec-

tions were the Cyclothone species. As mentioned above (see Results),

the four common Cyclothone species were readily divided into two species

pairs by their vertical distributions (Fig. 6). Cyclothone pseudo-

pallida and C. signata are both upper tuesopelagic species. Cyclothone

acclinidens and C. atraria, on the other hand, are definitely lower

mesopelagic or bathypelagic species. These two species pairs are

further divided by their differing morphologies. Cyclothone nata

and C. pseudopallida are small, light-colored species with translucent

flesh (Kobayashi, 1973; DeWitt, 1972). Cyclothone atraria and C.

acelinidens are both larger, black species (DeWitt, 1972; Kobayashi,

1973). DeWitt (1972) found that C. signata and C. acclinidens had

differing swimbladder morphologies, that of C. signata being a

functional pneumatic one, and C. acclinidens having a fat-invested

swiinbladder.

Mdcock and Merrett (1976) observed a similar suite of Cyclothone

species in the Northeast Atlantic. In their samples, which were much

more closely spaced vertically than the present samples, the four

common Cyclothone species had vertically separated peaks in abundance.

In their collections, the modal depths of the four Cyclothone species

were in adjoining, progressively deeper, 100 in depth strata. Their

data show no vertical migration for any of the Cyclothone species they

caught, perhaps because of small catches. A different situation seems

to exist off Oregon, Significant diel differences in abundance of the

four Cyclothone species suggests that they are all vertical migrators.
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Relationship of irradiance to vertical migration

Boden and Kampa (1967) found evidence for isolume following by

vertically migrating sound scatterers. Bathylagus milleri may also be

associated with specific light levels day and night. At 650 m during

the day, B. milleri may also be associated with specific light levels

day and night. At 650 m during the day, B.milleri resided at light

-10 2
levels on the order of 10 tw/cm (Fig. 16). The night peak in

abundance of B. milleri at 300-400 in found by Pearcy, et al. (1977)

would also lie at about 10 1°i.iw/cm2 assuming the attenuation curve and

surface irradiances of Fig. 16. Detection of light levels on the order

-10 2 .

of 10 .iw/cm by B. milleri places it among the most light-sensitive

of mesopelagic fishes. Similar sensitivity can be attributed to large

(>110 mm) B. pacificus, which migrated from 650 in to 500 in at night.

According to Clarke and Denton (1962), l09.iw/cm2 is the suspected

threshold of broad-field sensitivity of bathypelagic fishes.

Changes in light-related behavior with growth or age may account

for the size-dependent vertical migration seen in some species. In

the case of macropus, small individuals migrated vertically whereas

large animals did not. Female T. inacropus, and probably males as well,

begin maturing sexually at about 250 mm, and probably spawn at sizes

greater than 300 mm (fisher, 1979). The onset of sexual maturity, then,

coincides almost exactly with the point in the size distribution

(240 uU at which I. macropus appear to cease vertical migration and

and remain at depth both day and night. Similar size or age-dependent

reactions to light may also exist in B. pificus and M. lugubris.
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Figure 1. Vertical distribution of A) Bathylagus milleri, B)

Bathylagus pacificus, C) Macropinna microstoma and D) Chauliodus macouni.

Abundance in number per 100,000 in3. Open symbols and solid lines

represent day, solid symbols and dashed lines represent night. Each

point represents one net collection. Triangles represent net collections

from the second 500 m tow series (day and night). Solid and dashed

lines intersect depth horizons at the mean abundance value for that

depth. Points are offset from the depth horizons for clarity of

presentation only.
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Figure 2. Size-abundance histograms (by 5 nn length increments)

for Bathylagus milleri at each depth horizon sampled. The two

individuals captured at 1000 in at night are not shown. Shaded area

represents night, open area represents day. where day exceeds night,

open is over shaded, and where night exceeds day, shaded is over open.

Abundance in number per 100,000 in3. Standard length in millimeters.

Number caught at each depth horizon day and night are given (dday,

nnight).
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Figure 3. Size-abundance histograms (by 5 nm length increments)

for Bathylagus pcificus at each depth horizon sampled. Explanation as

in Figure 2.
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Figure 4. Size-abundance histograms (by 5 mm length increments)

for Macropinna Inicrostoma at each depth horizon sampled. No individuals

were captured at 1000 in. Explanation as in Figure 2.



1.4

1.2

LO

0.8

O. 6

uJ
0.6

0.2

0

0.2

0

0. I

0

Chauliodus mocouni 34

50 100 ISO 200

STANDARD LENGTH (mm)
Figure 5. Size-abundance histograms (by 5 mm length increments) for

Chauliodus macouni at each depth horizon sampled. Hatchedsize intervals

where day=night for that size. Explanation as in Figure 2.



NUMBER PER 105m3

0 5 10 15 0 5 JO 151FTfFIETTii I I1J1r1r1-T-TT-T-
5OO pLIO -

(A) Cycle/hone (B) Cycle/hone

I
' ccc/,n/dens a/rena

::i:°>
1000 -

500

650 .ê. OO -

/ 1,
I I,

800
1

(C) Cycle/hone (0) Cycle//lone

pseudopa//ida signata
I I

l000I..L_LLJ_L1LLLIJ_LJ_I_LJ I I_Li_I_LL_LLJL1L_LLLLJ_
Figure 6. Vertical distribution of four common Cyclothone species. Explanation as

in Figure 1.



I0

E
ig)

0

UI
0

1k

UI
cn

z

A. Cyclothone acclinidens B. Cycloihone otraria

30 40 50 60 30 40 50 60

STANDARD LENGTH (mm)

Figure 7. Size-abundance histograms (by 1 mm length increments) for A)

çyothone acclinidens and B) C. atraria at each depth horizon sampled

Explanation as in Figures 2 and 5.



I.E

I.'

''C

rfl

E

U
0

0.;
U

A. Cyclothone pseudopallida B. Cycothone signata

37

30 40 50 20 30

STANDARD LENGTH (mm)
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Figure 12. Vertical distribution of A) Stenobrachius leucopsarus, B) S. nannochir,

C) phae lugubris and D) Poromitra crassiceps. Explanation as in Figure 1. i
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Figure 13. Size-abundance histograms (by 5 mm length increments)

for A) Stenobrachius leucopsarus and B) Stenobrachius nannochir at

each depth horizon sampled. Explanation as in Figures 2. and 5.
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Benthalbefla dentata at each depth horizon sampled. Explanation as in

Figures 2 and 5.
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Figure 15. Size-abundance histograms (by 5 mm length increments)

for A) Melamphaes lugubris and B) Poromitra crassiceps at each depth

horizon sampled. Note change of scale for P. crassiceps abundance

axis. Explanation as in Figures 2 and 5.



0.

0.

0.

0.

0.

LU

LU0

z
0.

0.

46

0 50 00 0 50 00

STANORD LENGTH (mm)

Figure 15



47

Figure 16. Depth-irradiance envelopes for all day and night tows.

Ranges of irradiance at any one depth are based on the overall range

of surface values. The heavy line within the day envelope indicates

the attenuation curve based on one photometer cast. The dashed line

is the extrapolated attenuation curve below 475 m, the deepest point

of the cast.
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