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Some Distributional Features 

of Mesopelagic Fishes Off Oregon 

William G. Pearcy 

Department of Oceanography 
Oregon State University 

ABSTRACT 

Over 200 collections made between June 1961 and August 1962 with a six-foot Isaacs-
Kidd midwater trawl at various depths down to 1000 m (mostly down to 200 m) along three 
latitudes off Oregon have provided preliminary data on species composition, sampling 
variability, diurnal vertical migrations, depth distribution, and seasonal and geographic 
variations of adult and large juvenile mesopelagic fishes. Forty-two species were collected. 
Twenty-three species were present in the 0-200-m collections, the remaining 19 in collec-
tions to greater depths. Those species that frequently occurred only in collections from o 
to 500 m or to 1000 m are listed as lower mesopelagic fishes. Those taken after dark above 
200 m are considered to be upper mesopelagic fishes; these, primarily lanternfishes, domi-
nated most collections. Differences in the depth distribution of the three most common lan-
ternfishes were evident in the night collections; all ascended through the halocline, and some 
ascended through the overlying thermocline as well. 

Although no marked seasonal changes in species composition were apparent, seasonal 
changes in the relative abundance of dominant fishes were indicated by large catches during 
the summer and small catches during other seasons. Mesopelagic fishes were common over 
the continental slope but were rare over the shelf, indicating that depth may limit their 
horizontal distribution. The diversity of mesopelagic fishes and of catches of several species 
increased from north to south. 

Introduction. Knowledge of the ecology of animals in the open ocean is 
very limited. This is particularly true of the small nektonic organisms, such 
as fish, squid, and shrimp, which are intermediate in the food web between 
small plankton and larger carnivores. These micronektonic animals, ubiquitous 
in the oceans of the world, are capable of movements, independent of currents, 
in horizontal or vertical directions. 

The occurrence of vertical migrations of micronekton has been well docu-
mented since the CHALLENGER Expedition (Brauer 1906, Murray and Hjort 
1912, Beebe and Vander Py! 1944, Tucker 1951, Bainbridge 1961, and 
others). Horizontal movements, on the other hand, though described for many 
of the larger epipelagic nekton, have not been adequately studied for the smaller 

83 



Journal of Marine Research 

mesopelagic nekton. Mesopelagic animals are defined as those distributed 
during daylight between depths of 200 m and 1 ooo m. (For classifications of 
epipelagic, mesopelagic, and bathypelagic zones, see Hedgpeth 1957.) The 
studies of mesopelagic fishes by Tining (1918), Barham (1956), and Fast 
( 1960) have revealed seasonal differences in the catches of certain species of 
lanternfishes, and these differences have suggested horizontal movements of 
these populations. Whether such movements are of a general nature for meso-
pelagic animals, how these movements are effected, how far they extend, and 
how they are related to the ecology of the populations are questions of real 
interest to the biological oceanographer. 

The purpose of this study is to examine the distribution of mesopelagic 
fishes off Oregon in the region of the continental slope-that transitional 
area of the oceanic region where depth decreases rapidly as the neritic region 
is approached. 

Aron (1959, 1962) conducted extensive midwater trawling studies in the 
eastern Pacific and contributed much to our knowledge of the zoogeography 
of oceanic animals. His collections extended over a wide geographic area but 
were limited to relatively shoal hauls and to the summer and fall seasons. 
Compared with Aron's collections, the present study entailed systematic sampling 
of a relatively small area of the Pacific Ocean, at greater depths, and on a 
year-round basis. No previous studies have surveyed this area. 

In view of their swimming capabilities, nektonic animals may be important 
agents in the distribution and transportation of radioisotopes. Detectable 
quantities of radioisotopes, such as zinc-65 (induced in low levels by the Han-
ford nuclear reactors on the Columbia River), have been found in micro-
nekton such as lanternfishes, sergestid prawns, and euphausiids off Oregon 
(Osterberg 1962, Osterberg et al. 1964). These micronekton are capable of 
crossing density gradients such as the thermocline and halocline, both of which 
normally inhibit mixing by physical processes. By migrating vertically into 
surface waters, the micronekton provide forage for commercial fishes such as 
tuna and salmon. Inshore migrations of these animals may also make them 
available to species that are subject to near-shore fisheries. This in turn may 
make these radioelements available to humans. If the open oceans are used 
for disposal of radioactive materials, obviously a more comprehensive under-
standing of nektonic ecology and behavior is essential (Ketchum 1960). 

Methods. Micronekton was sampled with a six-foot Isaacs-Kidd midwater 
trawl (Isaacs and Kidd 1953, Aron 1962). Collections were made during 
various seasons of the year between June 1961 and August 1962. The stations 
were located offshore along three parallels of latitude extending westward 
from the mouth of the Columbia River (35 collections), from Newport 
(46 collections), and from Coos Bay (29 collections), as shown in Fig. I. 
Four of the stations along each parallel were 15, 25, 45, and 65 nautical 
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Figure r. Locations of midwater trawl stations off Oregon. Numbers designate the distance in 
nautical miles from the coast. The circle includes the area of repeated tows. The offshore 
stations varied between 85 and 165 miles from shore. Depths are in fathoms. 

miles from shore; the fifth station varied between 85 and 165 nautical miles 
from shore. 

Where depth permitted, an oblique tow from o to 200 m was made at 
each station as the ship followed a given compass course at six knots. The net 
was lowered rapidly until 730 m of wire were paid out and then retrieved at 
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a constant speed of 30 m/min. Where the depth of the bottom did not permit 
tows to 200 m, shallow tows were made with a reduced rate of retrieval but 
at an increased towing speed. Thus the speed of the net through the water 
and the total time of tow were approximately the same regardless of the depth. 
All collections along the three east-west series were made at night (i.e. after 
dark). Usually the four inshore stations (15-65 miles offshore) were sampled 
on one night, and the fifth station was sampled the following night. 

At a station 50 miles off Newport, over the outer edge of the continental 
slope ( circled in Fig. 1 ), 1 19 tows were made. Repeated tows in the upper 
200 m over periods varying from 6 to 48 hours, during both daylight and 
darkness, were made to evaluate sampling variability and daily changes in 
relative abundance. Successive tows to various depths, generally to 200, 500, 

and I ooo m, were made to gain information on vertical distribution. 
For tows to 500 m the trawl was fished between 500 and 200 m (2000-

730 m of wire) for about 30 minutes, and for tows to 1000 m the trawl was 
fished between 1000 and 500 m (4000-2000 m of wire) for one hour. The 
trawl, upon reaching the upper depth interval, was retrieved at the rate of 
50-70 m w./min. Since no opening-closing device was used, the net was 
open at all depths. 

The relationship between the maximum depth of the trawl and the length 
of the wire was determined with either a bathythermograph or a depth gauge 
attached to the trawl. The results, given below, show that a wire length of 
approximately four times the desired depth was required. 

Meters Desired No. of ,--Maximum Depth----, 

Wire Depth Observ. Average Variation 
(m) 

73° 200 39 193 Std. dev. = 8. 1 

2000 500 3 533 430- 600 (range) 
4000 1000 3 1007 960-1080 (range) 

All collections were made from the R/v AcoNA. Since the main winch is 
located forward, the wire was secured in a towing block on the stern to facili-
tate a constant heading while towing. Geographic position at the start and 
end of each tow, total time of the tow, course, speed, and sea and weather 
conditions were recorded for all collections. 

Samples were preserved at sea in 10°/o formalin. Later, all fishes and other 
nekton were sorted, identified, and measured in the laboratory ashore. 

Species Composition. About 50 species of fishes were identified, including 
mesopelagic, epipelagic, and neritic species (Table 1). Mesopelagic fishes domi-
nated the catches in both number and variety. M yctophidae, Melanostomiati-
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TABLE I. LIST OF FISHES COLLECTED BY MIDWATER TRAWLING OFF OREGON. 

MESOPELAGIC 

Bathylagidae 
Ba1hylagus ochotensis Schmidt 1938 
B. milleri Jordan and Gilbert 1898 
B. pacificus Gilbert 1890 

Opisthoproctidae 
Macropinna microstoma Chapman 1939 
Baihylychnops exilis Cohen 1958 

Alepocephalidae 
Talismania bifurcata (Parr) 1951 

Searsiidae 
Sagamichthys abei Parr 1953 

Gonostomatidae 
Cyclothone signata Garman 1899 
C. microdon (Gilnther) 1878 
C. pallida Brauer 1902 
C. acclinidens Garman 1899 
Cyclothone spp. 
Danaphos oculatus (Garman) 1899 

Sternoptychidae 
Argyropelecus lynchus Garman 1899 
A. intermedius Clarke 1877 
A. pacificus Schultz 1961 

Melanostomiatidae 
Bathophilus jlemingi Aron and McCrery 

1958 
Tactostoma macropus Bolin 1939 

Malacosteidae 
Aristostomias scintillans (Gilbert) 1915 

Chauliodontidae 
Chauliodus macouni Bean 1890 

Idiacanthidae 
ldiacanthus antrostomus Gilbert 1890 

Myctophidae 
Hierops crockeri (Bolin) 1939 
H . thompsoni (Chapman) 1944 
Symbolophorus californiense Eigenmann 

and Eigenmann 1889 
Tarletonbeania crenularis (Jordan and 

Gilbert) 1880 
Diaphus theta Eigenmann and Eigenmann 

1890 
Lampadena urophaos Paxton I 963 
Lampanyctus nannochir (Gilbert) 1890 
L. leucopsarus (Eigenmann and Eigen-

mann) 1890 
L. ritteri Gilbert I 9 I 5 
L. regalis (Gilbert) 1891 
Ceratoscopelus townsendi (Eigenmann and 

Eigenmann) 1889 

Scopelarchidae 
Neoscopelarchoides dentatus Chapman 1939 

Paralepididae 
Lestidium ringens (Jordan and Gilbert) 

1881 
Cetomimidae 

Cetostomus regani Zugmayer 1914 
Nemichthyidae 

Nemichthys scolopaceus Richardson 1848 
Anoplogasteridae 

Anoplogaster cornuta (Valenciennes) 1833 
Melam p haidae 

Melamphaes lugubris Gilbert 1890 
Poromitra crassiceps (Gilnther) 1878 

Oneirodidae 
2 spp. 

EPIPELAGIC AND NERITIC 

Petromyzontidae 
Entosphenus tridentatus (Gairdner) 1836 

Engraulidae 
Engraulis morda.x Girard 1854 

Osmeridae 
Thaleichthys pacijicus (Richardson) 1836 

Scomberesocidae 
Cololabis saira (Brevoort) 1850 

Gadidae 
Microgadus proximus (Girard) 1854 

Coryphaenoididae 
I sp. 

Trachypteridae 
Trachypterus rexsalmol!orum Jordan and 

Gilbert 1894 
Icosteidae 

Icosteus aenigmaticus Lockington 1880 
Scorpaenidae 

Several spp. 
Cottidae 

Scorpaenichthys marmoratus (Ayres) 1854 
Agonidae 

Agonopsis emmelane (Jordan and Starks) 
1895 

Liparidae 
Nectoliparis pelagicus Gilbert and Burke 

1910 
Anarhichadidae 

Anarrhichthys ocellatus Ayres 1855 
Zoarcidae 

Lycodapus mandibularis Gilbert 1915 



88 'Journal of Marine Research [22,1 

dae, and Gonostomatidae were numerically the most abundant. Three species 
of Myctophidae (lanternfishes) accounted for 76°/o of the total catch: Lampa-
nyctus leucopsarus 45°/0, Diaphus theta 21 °/o, and Tarletonbeania crenularis 
100/0. Both L. leucopsarus and D . theta occurred in over 80°/o of all collec-
tions, excluding daylight tows within the upper 200 m and tows in neritic 
waters. Tactostoma macropus, a melanostomiatid, composed approximately 8°/0 
of the total catch. These fishes represented the four most abundant species· 
found in our collections. 

This is the first list of mesopelagic fishes for the Pacific Ocean along the 
Oregon coast and it must be considered as preliminary. Many of the species 
have been previously reported in adjacent regions (e.g. Aron 1962, Ebeling 
1962). However, the geographical range of Talismania bifurcata, Cetostomus 
regani, and .Anoplogaster cornuta has been extended northward (see Ebeling 
1962: 140-141 for data on meridional distributions). The specimen of C. regani 
is the second from the Pacific to be reported; the other was collected off Baja 
California (Rosenblatt, in litt.). 

Juvenile and adult epipelagic fishes, though numerically unimportant, were 
also captured. Included were such oceanic species as the saury, Cololabis 
saira, and neritic species such as smelt and cod (Table 1). Larval fishes were 
numerous in some collections. Neither epipelagic nor larval fishes are discussed 
in this paper. 

Day-Night Variation and Sampling Variability. Variations in the totals 
of the four dominant mesopelagic fishes collected during daylight and dark-
ness are illustrated in Fig. 2. The positions of all these collections are 
circled in Fig. 1. Diurnal (die!) differences are obvious; catches of these 
fishes within the upper 200 m were large during darkness (night) com-
pared with daylight (day). Seasonal differences, with fishes remaining in 
surface waters longer during winter than in the summer, are also suggested, 
although the concentration of night hauls renders this conclusion some-
what dubious. 

While differences between day and night catches were clear, no evident 
trend indicating major variations associated with time is found in the number 
of fishes collected only in darkness. Since catches made soon after sunset or 
before sunrise were not consistently lower than those made around midnight, 
it is believed that fish ascend quickly to the upper 200 m shortly after sunset 
and remain within this region until shortly before dawn. Therefore, though 
fishes may have migrated vertically within the upper 2OO-m region during 
darkness, it is assumed that all tows during this period sampled the same meso-
pelagic population. By assuming that these night tows represent replicate 
samples, a basis is provided for estimates of sampling variability. This is useful 
to evaluat_e subsequ~nt_ spa~ial and temporal differences and to gain insight into 
the patchmess of d1stnbut1on of mesopelagic fishes. 



HOUR 

13-14 July 1961 

T. macropus 
L. leucopsarus 
T. crenularis 
D. theta 

17-18 July 1961 

T. macropus 
L. leucopsarus 
T. crenularis 
D. theta 

23-24 Ja!\. 1962 

T . macropus 
L. leucopsarus 
T. crenularis 
O. theta 

24-25 Jan. 1962 

T. macropus 
L. l eucopsarus 
T. crenularis 
D. theta 

10-11 April 1962 

T. macropus 
L. leucopsarus 
T. crenularis 
0. theta 

11-12 April 1962 

T. macropus 
L. leucopsarus 
T. crenularis 
D. theta 
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Figure 2. Catches of the four dominant mesopelagic species in the upper 200 m during day-night 
periods at the station 50 miles off Newport. The horizontal bars denote periods of daylight 
(open), twilight (hatched), and darkness (solid). 

Fig. 3 shows variances ( calculated from the data given in Fig. 2, excluding 
series in which less than four night collections were made) plotted against the 
average number of each of the four common species noted above. If distribu-
tions were random (Poisson), the variance would be approximately equal to 
the mean, i.e. s2 /x = 1, and points would be grouped near the 45° diagonal. 
Coefficients of dispersion, s2 /x (Blackman 1942), were calculated. They 
demonstrate a large range (from 0.3 to 12.3), suggesting lack of a consistent 
dispersion pattern. Coefficients were considered to demonstrate a random 
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Figure 3. Variability of the catches of four mesopelagic fi shes as indicated by repeated tows during 
darkness in the upper zoom, 50 miles off Newport. 

distribution unless they exceeded the level of significance as derived from the 
formula, 

where n is the number of samples (Holme 1950). Eleven coefficients of dis-
persion did not significantly depart from unity and are clustered near the 
45° diagonal; although this suggests a random distribution, these coefficients 
occur at low population densities where the sample size is probably too small 
for reliable estimates of the actual distribution (Cassie 1959). Five coefficients, 
including one for each of the four species, were significantly greater than 
would be expected from a randomly distributed population. These large values, 
indicating aggregated or patchy distribution, were caused by one or two un-
usually large catches in a series (Fig. 2). All high coefficients were for catches 
made during the summer. Another noteworthy example of such patchy dis-
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~ribu_tion is the catch o~ 95 specimens of T. crenularis in one tow (not included 
in Fig. 2), ~ompared with the usual two or three specimens per collection. 

~ggregatton has been reported for many other natural populations, including 
~anne plankton (Barnes and M~rsh~ll ~9?)- These indications of aggrega-
t10ns may reflect the actual spatial d1stnbutton of the animals but it is also 
possible that inconsistencies in sampling, such as failure to sa~ple all depths 
equally, n_1ay lead to such conclusions. Although there are insufficient data 
on schooling and spatial distribution of mesopelagic fishes, aggregated distri-
butions have been indicated. Small schools of lanternfishes were actually 
observed fro~ _bathysphere by Beebe_( 1934) or from a bathyscaphe by Peres 
(1958). Vanab1hty of catches of certam myctophids has also been attributed 
to their schooling behavior (Beebe and Vander Py! 1944). 

Aron (1962) reported that the difference in the total number of fishes 
caught between repeated midwater collections was always less than a factor 
of two. This suggests a more even distribution of fishes and much less sampling 
variability than in the present study. The apparent disparity between the two 
studies may result from the difference in areas sampled and from the difference 
in sampling techniques (Aron fished his trawl at one depth for 30 minutes). 
More likely, the total catch of fishes varies less than the catch of individual species. 

Depth Distribution. Although opening-closing devices are necessary for a 
detailed analysis of depth distribution, some generalizations are possible from 
a study of collections obtained with nonclosing nets to successive depths or 
during periods of daylight and darkness. 

Depth distribution of the catches of three different lanternfishes during 
August (Fig. 4) illustrates the percentage of the total number of a species 
collected in tows to various depths after dark. Although the depths given are 
those to which tows were made and do not indicate the depths at which fish 
were captured, the data clearly demonstrate differences in vertical distribution 
for different species. For example, Tarletonbeania crenularis was collected in 
greatest abundance at the surface and less so in tows below lo m. This species 
is commonly collected with dip nets under night lights. On the other hand, 

· neither Diaphus theta nor Lampanyctus leucopsarus was captured at the surface 
and both were found to be most abundant below lo m; D. theta was most 
abundant in tows to l 0-2 5 m and L. leucopsarus in tows to 2 5-30 m. 

Corroborative data on the upper depth distribution of these species are given 
by other workers. Aron (1959, 1962) noted peak abundance of L. leucopsarus 
and D. theta below 30 m off the coast of Washington and in regions south of 
50°N, but within the upper 30 m in more northerly regions; he also observed 
T. crenularis at the surface under night lights. Tucker (1951) caught L. leu-
copsarus in abundance in a night tow to 37 m in the Bering Sea, and Fast 
( 1960) considered that the upper range of the adults of this species was about 
50 m in Monterey Bay, California. 
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Temperature and salinity profiles (Fig. 5) for the same month and area 
where collections were made to successive depths show a thermocline located 
between 10 and 20 m a~d a_ halocline located between the surface-mixed layer 
and 100 m. The haloclme 1s usually above 200 m depth and is a permanent 
oceanographic feature in this area of the Pacific (Fleming 1958); upwelling 
and Columbia River "plume" explain the shallow halocline or haloclines 
shown in Fig. 5- The thermocline is well developed only in the summer 
(Tully et al. 1960, Tabata 1961). The temperature and salinity gradients in 
the upper layers also produce a strong density gradient and high stability in 
the water column above 200 m. Nevertheless, the dominant mesopelagic 
fishes migrate through the base of the halocline and into the upper waters 
during darkness (see Fig. 2); D. theta and T. crenularis apparently migrate 
through the thermocline as well. Thus these gradients do not necessarily act 
as barriers to the mesopelagic fishes that may swim vertically through at least 
one density gradient during their daily migrations into near-surface waters 
at night. 

Depth distribution of adult fishes within the mesopelagic region was ex-
amined using data from successive tows to 200, 500, and I ooo m. About 20 

upper mesopelagic species, largely myctophids, were collected from o to 200 m 
during darkness; these fishes penetrated the halocline and invaded epipelagic 
waters at night. The lower mesopelagic species, obtained mainly from tows 
to 500 m or below (uncommon above 200 m), were mostly Gonostomatidae, 
Chauliodontidae, Bathylagidae, and some M yctophidae. 

Some common lower mesopelagic species are listed in Table n, which gives 
the total numbers caught in the tows to different depths. Fully quantitative 
comparisons are not possible since the exact depths of capture are unknown, 
and there are differences in fishing intensity at various depths. Yet, the relative 

TABLE II. CATCHES OF SOME LOWER MESOPELAGIC FISHES AT THE STATION 50 
MILES OFF NEWPORT, OREGON. 

,-Depth and Number of Tows --~ 

0-200 m (57) 0-500 m (23) 0-1000 m (24) 

Bathylagus milleri . . . . . . . . . . . . . . . . 0 
Bathylagus pacificus . . . . . . . . . . . . . . 0 
Searsiidae . . . . . . . . . . . . . . . . . . . . . . 0 

9 8 
3 60 
7 6 

Cyclothone microdon . . . . . . . . . . . . . . 2t 
Cyclothone signata . . . . . . . . . . . . . . . . 11 t 
Chauliodus macouni . . . . . . . . . . . . . . 19* 

62 211 
193 172 
120 71 

Lampanyctus nannocliir . . . . . . . . . . . 0 
Lampanyctus regalis . . . . . . . . . . . . . . 1 
Neoscopelarchoides dentatus . . . . . . . . 0 
Poromitra crassiceps . . . . . . . . . . . . . . 0 

2 39 
24 19 
7 12 

24 

t Probably contamination from preceding deeper tow. 
• Mostly small specimens. 
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scarcity of these species in trawl catches within the upper 200 m is obvious. 
T alismania bifurcata, Macropinna microstoma, Cetostomus regani, .Anoplogaster 
cornuta, and oneirodids were all collected in tows to 500 or 1000 m and 
are also thought to be lower mesopelagic forms. 

Geographic //ariations. The ocean off Oregon, 42°-46°N, is a boundary 
region between predominantly Subarctic Water to the north and Transitional 
Water to the south (Sverdrup et al. 1942, U da I 963); the temperature and 
salinity of the waters in the latter region are characteristically higher. Aron 
( 1962) reported changes in the midwater fauna at about the latitude of this 
boundary region. According to Ebeling (1962), a major change in the meridi-
onal distribution of mesopelagic fishes occurs at 40°-45°N in the northeastern 
Pacific Ocean; he found only 36-38°/o overlap in the species between Sub-
arctic and North Pacific Transitional Water masses, with a larger number 
of species of fish in the lower latitudes. Hence the geographic distribution of 
mesopelagic fishes off Oregon is of special interest. 

North-south differences in the species composition of mesopelagic fishes 
were evident within three degrees of latitude off Oregon. The total number 
of mesopelagic species collected showed an increase at the stations to the south 
(Table m), indicating a higher diversity in the mesopelagic fish community 
at the lower latitudes off Oregon. Moreover, the relative abundance and fre-
quency of occurrence of several species of fishes were clearly higher off southern 
Oregon than off northern Oregon. These data further demonstrate that 
Oregon is the northern limit for some oceanic animals and is zoogeographically 
a transitional area. 

Collections along parallels of latitude across the continental slope permit an 
examination of possible changes in the diversity of mesopelagic fishes with 

TABLE UL TOTAL NUMBER OF MESOPELAGIC SPECIES COLLECTED AND TOTAL 
NUMBER OF Bathylagus ochotensis (B. o.), Hierops crockeri (H. c.), Symbolophorus 
californiense (S. c.), AND Lampanyctus ritteri (L. r.) COLLECTED AND NUMBER 
OF Tows IN WHICH THEY WERE TAKEN OFF OREGON. 

Series Total r- B. o. r-H.c.~ r-S.c.~ r- L. r. ---.._ 

No. of No. Occur. No. Occur. No. Occur. No. Occur. 
Spp. Coll. in Tows Coll. in Tows Coll . in Tows Coll. in Tows 

Columbia R . . .. 10 2 3 3 0 0 22 10 
46° 14.4 ' N 
26 tows 

Newport ... . . . . 13 9 8 7 4 33 15 
44°39. l'N 
46 tows 

Coos Bay ...... 17 23 14 30 14 4 3 70 20 
43°20.S' N 
29 tows 
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TABLE JV. TOTAL NUMBER OF MESOPELAGIC SPECIES AND THE AVERAGE NUMBER 

OF SPECIES PER Tow COLLECTED OFF OREGON AT VARIOUS DISTANCES FROM 
SHORE (IN NAUTICAL MILES). 

Columbia River Newport Coos Bay 
46°14.4' N 44°39.l'N 43°20.5'N 

Distance Total Av./Tow Total Av./Tow Total Av./Tow 
Offshore 

15 3 1.8 l 0.1 7 4.0 
25 8 3.3 3 1.1 8 5.4 
45 7 4.5 10 4.8 13 7.0 
65 6 4.2 11 4.8 6 5.5 

>65 4 4.0 9 5.2 11 5.7 

increasing distance from shore. In general both the total number of fish species 
and the average number of species per tow were lowest at the inshore stations 
and highest at the intermediate stations (Table 1v). Aron (1959) found in 
oceanic water off Washington that the number of species of fishes decreased 
westward from the coast; therefore, his study and this one suggest that the 
greatest diversity of mesopelagic fishes may occur over, or just beyond, the 
outer continental slope. 

Mesopelagic fishes were usually collected at the inshore stations, over the 
continental slope, and at stations located more than I oo miles offshore. How-
ever, at the two inshore stations off Newport (Table rv), mesopelagic fishes 
were rare, and the average number of mesopelagic fishes per tow was very 
low (Fig. 6 ). Although considerable numbers of fishes were caught at stations 
located I 5 and 25 miles offshore from the Columbia River and Coos Bay, 
they were rarely caught at the same distances off Newport, despite numerous 
collections. The salinity at these stations off Newport is not greatly modified 
by freshwater runoff; in fact, the inshore stations off the Columbia River were 
the most neritic of all in regard to reduced surface salinity. In addition, meso-
pelagic fishes were absent from the inshore stations off Newport even during 
periods of upwelling, when the characteristics of the water near the surface 
were more typical of deeper offshore waters. An obvious difference among the 
inshore stations is the depth of water. Off Newport the water is comparatively 
shallow; at the two inshore stations the depth is less than 300 m (inside the 
200-fathom depth contour in Fig. r ). Of all the stations, these are the only 
two located over the continental shelf. As seen in Fig. 6, the differences 
between the catches over the shelf and over the continental slope are striking. 
Thus, depth appears to be important in limiting the inshore distribution of 
these fishes, perhaps by affecting vertical migrations so that preferred light 
intensity during the day is simply not available when the depth is 300 m or less. 

L. leucopsarus, D. theta, T. crenularis, and T. macropus predominated in 
nearly all collections within the upper 200 m during darkness, regardless of 
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Figure 6. Catches of mesopelagie fishes at the stations off Newport, Oregon, and a bottom profile 
at the same latitude. 

latitude, distance from shore, or season of year. Thus, a single community of 
upper mesopelagic fishes is suggested by the absence of drastic changes in the 
occurrence of species. 

Seasonal f'ariations. In order to examine seasonal changes in the distribu-
tion and abundance of mesopelagic fishes, catches of the most common species 
were plotted for various months of the year. These are illustrated for Lam-
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Figure 7. Average number of Diaphus theta and Lampanyctus leucopsarus coll ected over the conti-
nental slope off Oregon during the period of study. 

panyctus leucopsarus and Diaphus theta in Fig. 7. Some seasonal vanat1ons are 
apparent. The catches are usually largest during the summer. This was the 
case for both of the summer periods sampled and for all latitudes, with the 
exception of the northern stations, where peak catches of L. l eucopsarus occur-
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TABLE V. COMPARISON OF AVERAGE CATCHES IN SUMMER (JULY- SEPTEMBER) 

COMPARED WITH AVERAGE CATCHES IN OTHER MONTHS FOR THE Two 
DOMINANT SPECIES OF MESOPELAGIC FISHES TAKEN OVER THE CONTINENTAL 

SLOPE: Lampanyctus leucopsarus AND Diaphus theta. 

Columbia River Newport Coos Bay 

d.f p d.f p df p 

L. leucopsan,s ... .98 21 > 0.3 1.49 20 > 0.1 3.41 22 < .01 
D. theta .. . . .... 3.02 21 < .01 2.49 20 <.05 3.79 22 <.01 

red during the winter. The average number of fish per tow collected over 
the continental slope at stations 15-65 miles offshore from the Columbia 
River's mouth and Coos Bay and 45-65 miles off Newport during the summer 
(July, August, and September) were compared with the average number per 
tow for the other months, after use of an V X + ½ transformation (Bartlett 
I 94 7 ). For D. theta at all three latitudes, and for L. leucopsarus off Coos Bay 
only (Table v), the average catch was significantly greater during the summer 
than during the other seasons. 

Such seasonal variations in numbers could be produced by selectivity of 
the trawl combined with seasonal changes in population size-structure resulting 
from recruitment or mortality. However, comparison between the size-fre-
quency distributions for summer and winter periods of both D. theta and 
L. leucopsarus indicated that fishes of various sizes contributed to the large 
summer catches and that the catches were not solely a result of increased 
vulnerability of young fish. Seasonal differences in bathymetric distribution 
may also affect catches if varying proportions of the populations migrate 
vertically into the upper 200 m during different seasons of the year. Such a 
trend was not evident from the collections to I ooo m taken during various 
seasons. As the present data are obviously limited, neither seasonal changes 
in population size-structure nor depth distribution can be excluded from the 
analysis of these catch fluctuations, and both should be studied more thor-
oughly, as they may reveal salient features of the oceanic ecology of these 
animals. Nevertheless, they do not appear to furnish a complete explanation 
of the observed seasonal variations. Hence, horizontal movements of the 
populations may also be important. 

Only a few other studies on mesopelagic fishes have permitted comments 
on seasonal changes in distribution. The studies by Barham ( 19 5 6) and Fast 
( 1960 ), conducted in Monterey Bay, California, are of special interest since 
they were concerned with the species that are also common off Oregon. 
Barham noted marked seasonal variations in the pattern of sonic scattering 
layers and in the catches of certain midwater animals. For example, Diaphus 
theta, collected in large numbers in midwinter, when it was thought to be a 
dominant sound scatterer, disappeared in the spring and reappeared in the 
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sum~er. Fas~ reported large ~tches of Lampanyctus leucopsarus in Monterey 
Bay m the winter and a reduction of the population to about one-half between 
February and May; this was followed by a subsequent increase in the first 
two age-groups to large _nu~?ers by the following February. Finally, Tining 
(1918) found that large md1v1duals of Lampanyctus maderensis apparently were 
absent from the eastern Mediterranean in the summer but were common 
during other seasons. These observations suggest that seasonal changes in 
distribution of mesopelagic fishes may be influenced by population movements. 

Horizontal movements may occur in two ways: passively, by drifting with 
prevailing currents; or actively, by swimming. Seasonal variations in depth 
distribution of these mesopelagic animals, as observed by Tining ( 191 8) and 
Barham (1956), could result in translocation of the populations if current 
velocities or directions vary at different depths. The importance of vertical 
distribution in influencing horizontal transport of plankton and micronekton 
is well recognized (Hardy and Gunther 1935, Mackintosh 1937, Brunn 1958). 

To explain the fluctuations in the number of L. leucopsarus in Monterey 
Bay, Fast ( 1960) proposed a hypothesis based on the seasonal oceanographic 
periods and associated changes in current directions. His largest catches were 
made during the winter, when prevailing winds are from the southeast and 
when the northwardly directed Davidson Current flows along the coast of 
California and Oregon. The major population reduction occurred in the spring 
after surface winds had shifted to a northwesterly direction and upwelling was 
evident. Fast attributed the large relative abundance to the concentrating effect 
of the Davidson Current, and the low relative abundance to the dissipating 
effect of offshore drift during the upwelling period. Since he stated that the 
major differences between these two periods were due to surface currents, the 
lanternfishes presumably migrated vertically into upper waters and resided 
there long enough to be transported by these upper currents. 

This hypothesis of passive transportation of mesopelagic fishes was not 
supported by the results of this study. Off Oregon, the largest catches were 
obtained in the summer during the period of upwelling, and the lowest catches 
were taken during the other seasons. The fluctuations were not similar to 
those found by Fast either in respect to time of year or oceanographic periods. 
Other hydrographic differences between these areas may be involved (see 
Sverdrup et al. 1942). The collections in Monterey Bay, California, were 
made over a submarine canyon (a depth of about 900 fathoms), and this canyon 
may act as a concentrating basin (Fast, 1960); on the other hand, the collec-
tions off Oregon were made in the waters off the unprotected coast, often 
where the depth was less than 900 fathoms. Only some of the northern stations 
off the Columbia River were over a submarine canyon. Clearly, before the 
effect of currents on the distribution of these animals can properly be assessed, 
more knowledge is needed concerning the seasonal variations of currents and 
water masses at all depths frequented by these species. 
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It is possible that active migrations of these micronekton may be a cause 
of the seasonal fluctuations. Virtually nothing is known about horizontal 
movements of small oceanic animals. In general, extensive geographic migra-
tions of nektonic animals on a seasonal basis, as evidenced for larger epipelagic 
fishes (e.g. Sette 1950, Neave and Hanavan 1960, Clemens 1961), are 
unexpected for mesopelagic micronekton because of their relatively small 
size and slow swimming speed, and because seasonal variations in physical 
factors, such as temperature, are pronounced in only the epipelagic zone. 
Small-scale movements, howe1.:er, across the continental slope may be 
en ti rely feasible . 
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