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ABSTRACT
A myctophid fish, Diaphw taaningi Norman, is the principal component of a distinct daytime sound-scattering layer lying near 250 m, well above the anoxic, hydrogen-sulfide zone
of the Cariaco Trench . The scattering layer produced strong sonar echoes at 12, 25, and
50 kHz; mean sound-scattering strength at layer depth at 25 kHz was approximately -73 dB
and at 50 kHz was approximately -67 dB. D. Taaningi adults have a well-developed swim
bladder with a mean volume of about 12 mm3. This species seems to have a restricted breeding
season, and evidence suggests a one-year life cycle. Fecundity was estimated at about 1000,
and egg diameters ranged from 0.5 to o.8 mm. Acoustic evidence indicates a generally homogeneous spacing of individuals in a thin layer (approximately 30 m) over a considerable area
of the Trench . Although the population was estimated at only 1.93 fish/1000 mJ, total population size is large over the area studied. Volume-reverberation data from the scattering layer
was used to compare estimates of fish abundance with the actual catch. The agreement between predicted and observed fish abundan ce in the scattering layer based on measurements
at 25 kHz is considered qu ite close considering the formidable methodological problems involved.
INTRODUCTION. A recent study of sound-scattering layers in the Cariaco
Trench, Venezuela, revea led the presence during the daylight hours of a rel-
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atively thin, distinct layer at a depth of approximately 250 m (see Wilson, 1972,
Fig. 1 ). During morning descent, this shallow scattering layer (SSL) separated
from a thicker layer that was later found (Baird, et al., 1973) to consist of
Bregmaceros nectabanus Whitley. The latter continued to migrate deep into the
anoxic, hydrogen-sulfide zone before returning late in the day. The sequence
of events, as determined from acoustic records, is presented elsewhere (Wilson,
1972).
While biological studies of the Cariaco Trench are few, they indicate the
presence of a depauperate mesopelagic fish fauna (Mead, 1963; Pugh, 1972).

Figure r. Diaphus taaningi Norman. Adult female, 58.0 mm (after Nafpaktitis, 1968).

Anoxic water below about 400 m (e.g., Richards and Vaccaro, 1956) and the
presence of free H2S below about 37 5 m (Betzer, 1971) or 325 m (Wilson,
1972) appear to place severe limitations on fauna! diversity. Identification of
scattering-layer organisms and ecological factors influencing their vertical distribution should therefore be easier than in open-ocean environments. This
paper presents evidence that Diaphus taaningi Norman (Fig. I) is the principal
component of the well-defined 250-m SSL in the Cariaco Trench. In addition,
data are presented on vertical distribution, size distribution, population density,
and reproduction of this species.
MATERIALS AND METHODS. In March 1972, a single station (10°38'N;
65° 45'W) was occupied for several days by USNS MIZAR (T-AGOR-11).
Special equipment and procedures for acoustic observations were as previously
reported (Wilson, 1972), except that an additional acoustic profiler, operating
at 50 kHz, was employed and also a Sanborn Series 4500 optical oscillograph
was used to provide better indications of scattering-layer depths than could be
obtained from photographs of an oscilloscope display. The 50 kHz transducer
was an EDO Model 311 having a beam width of 16° at the halfpower point.
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Repeated observations confirmed that the timing and the volume-reverberati on
patterns of migrati on repo rted previo usly (Wilson, 19 72) were un changed
(Fi g. 2).
M odified 6' T ucker Trawls (Hopkins, et al., 1973) wi th messengeractuated opening and cl osing mechanisms were used fo r bi ological sampling
at discrete depth . M ulti co nd uctor hydro-wire was used fo r all trawlin g operati ons, and power was fed down to a T eledyne T aber M odel 200 pressure
transducer attached to the net so that depth co uld be monitored continuously
on deck. D epth was also recorded with a Benthos T ime-Depth Reco rder attached below the release apparatus.
Three daytime di screte-depth sa mples in the vicinity of the SS L were taken
together with three shallower ha uls at ni ght (Tab le I ). T rawl N o. 90 sampled
well below the SS L at th e depth wh ere H 2S began to appea r in water samples.
T rawl No. 95 sampled pri marily above the SS L, although 20 minutes were
spent obliqu ely traversing the SS L region. T rawl N o. 93 ampled th e SS L
proper. D uring the latter ha ul, depth was co ntin uously adjusted so that the
tra wl re mained in the SS L as de fin ed by concur rent aco usti c data.
Specimens from trawls were prese rved in 1 o % fo rmalin and later tra nsferred
to 40 % isopropyl alcohol. T he fish were meas ured to the nearest mm sta ndard
length (SL ), and catches from all trawls were combined fo r length-frequ e ncy
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Table I. Closing Tucker trawls, 8- r r M arch 19 72 in the Cariaco Trench,
Venezuela.
Trawl No.

89 .... . . .. ...
90 ....... . . ..
91. . ...... . . .
92 . .. . . ......
93 .... .. .... .
94 .... . ..
95 .... ..... ..
96 ....... . .
97 . ...... . ..

Time

D epth (m)

No. D . taaningi
collec ted

1610- 1823
09 15-1027
1214-- 1312
1747- 1848
1542-1 800
02 30-0421
0841-1143
201 5-2138
2227-2324

450-500
230-380
840-850
450
220-270
10-105
150-300
140- 200
10-50

0
0
0
0
60
4
0
9

analysis. A random subsa mple of 24 indi vi duals from two depth zones was removed , and these fish were di ssected, sexed, and the females classified as to stage
of go nad maturity. A single ovary was removed from o ne individual and all
eggs greater tha n 0.5 mm were counted. A ll ovaries examined contained large,
uniform ly distributed, opaq ue yell owi sh eggs. Small eggs (about o. r mm) were
often seen but were not included in th e co unts. N o intermedi ate egg sizes were
noted . Diameters of 30 large eggs were meas ured and reco rded. Swim bladder
meas urements were made on five indi viduals acco rdin g to the procedures outlined by Klec kn er a nd Gibbs (1972).
RES U L T S. From Precision D epth Reco rder (P DR) traces made with the
ship 's r 2 kHz sonar, the SSL by day is seen (Fi g. 2) as a thin, homogeneo us layer
(see Wilson, r 972, Fi g. r, which is identical) . M easurements with th e aco ustic
profilers at 25 and 50 kHz also showed a relatively thin layer whose depth
varied betwee n 250 and 2 70 m. The SSL as ee n at 25 and 50 kHz often
separated into two sublayers lying at depths averaging 260 and 280 m. Separatio n of th e layers was never seen at r 2 kHz, although di screte echoes occasion ally were seen above 25 0 m. On the basis of a few meas urements made at 5okHz
with r-msec pulses an d th e narrow-beam transducer, the single (combined)
layer is estimated to have been abo ut 30 m thi ck. When th e SSL was separated
into two sublayers, th e laye r thicknesses were approximately 25 m and 30 m
for th e shallower and deeper components, respectively.
So und-scattering strength, M' v , read on the calibrated A-scan display of the
aco usti c profilers, is defined as the ratio, in decibels, of the scattered intensity,
l s, at unit di stance (r m) from a unit volume ( r m3), to th e incident intensity,
Io; thus M' v = r o log l s/Io. It is related to the back-scatterin g coeffi cient, mv,
by the expression r o log mv = M' v + r o log 4 :n = M' v + Ir dB. The mean
so und-scattering strengths of the SSL reported here were obtain ed , in the case
of the separated sublayers, by meas uring the peak M' v from r 5 successive pulses
recorded on magneti c tape, calculating each correspondin g I s, determining the
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Table II. Dimensions and volume estimates of Diaphus taaningi swim bladders.
Standard length
37
43
42
4-0
42

mm
mm•
mm
mm
mm

Bladder length

Bladder depth

Sex

Bladder volume••

5.8 mm
7.0 mm
7.9 mm
6.8mm
7.0 mm

1.7 mm
1.8mm
1.7 mm
1.6mm
2.2 mm

M
F
M
M
F

8.8 mmJ
ll.9mm3
ll.9mm3
9.1 mmJ
17.8 mmJ

• bladder partially collapsed.
•• oblate spheroid, V = 4/ 3 1T a h1 (Kleckner and Gibbs, 1972).

arithmetic mean of the I 5 values of 18 , and converting the result back to mean
lvf'v in dB. The mean M' 11 of the shallower and deeper components obtained
in this way were -73 dB and -7 I dB at 25 kHz and -67 dB and -64 dB at
50 kHz, respectively. The mean scattering strengths of the single (combined)
SSL were obtained from only three (25 kHz) and five (50 kHz) oscilloscope
photographic records made during Trawl 93, inasmuch as the calibration data
on the tape record made during the trawl were found to be faulty. The mean
M'v from the photo records were -66 dB and -64 dB at 25 and 50 kHz,
respectively.
Catch results (Table 1) strongly suggest that Diaphus taaningi is the principal component of the SSL. A second species, Steindachneria argentea Goode
and Bean, was present in small numbers. Other than these, only a few juvenile
Bregmaceros nectabanus were taken. The usual larger oceanic invertebrates,such
as pelagic shrimp were absent, although smaller plankters were present in substantial numbers. The nature of the stratification pattern in the water column
is indicated by the sparse fish catch in the two other trawls (Nos. 90 and 95),
which sampled primarily above and below the SSL. While additional sampling
is clearly needed to better delimit the distribution of both D. taaningi and S.
argentea (acoustic data showed that the SSL was not separated into two component layers at the time Trawl 93 was made), acoustic and trawling evidence
indicates that D. taaningi occupies a restricted depth range during the day corresponding to the SSL. Catches of D. taaningi in the upper 50 m at night indicate a diurnal migratory pattern for the species, which is supported by the
acoustic evidence.
Diaphus taaningi has a large, well-developed swim bladder and gas gland (the
same is true for the less common S. argentea, although most of the latter were
smaller individuals with smaller swim bladders than D . taaningi). Table II
summarizes data from the measurements of D. taaningi swim bladders and the
calculated volumes. The volumes are similar to those determined for some other
Diaphus species of similar size (Kleckner and Gibbs, I 972). No large fat
deposits, gross indication of tissue investment, or atrophy of bladders were
observed.
Figure 3 presents the size-frequency distribution of individuals in the pop-
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Figure 3. Size distribution (Standard lengths) of Diaphus taaningi collected in the Cariaco Trench
(N = 82; x = 40.7 mm; Sd = 2.66 mm; g (coefficient of skewness)= 0.51769; t = 1.948
(o. IO > p > 0.05).

ulation from all trawls combined (day and night). The distribution is statistically symmetrical and unimodal, although there is a suggestion of a second
mode (43-45 mm). No juveniles or post-larvae were taken in any trawl, though
these size classes were numerous for the two other midwater and several epipelagic species. Ten females and 14 males were dissected. All females were
macroscopically judged to be in late stages of maturation with the smallest
gravid female measuring 36 mm SL. Their ovaries were filled with large eggs
corresponding to Stage II le of gonad maturity described by Smoker and Pearcy
(1970). A set of nine individuals from a trawl sample taken at night from a
depth of 10-50 m contained five females, all in gravid condition. Egg diameters
ranged from 0.5 to o.8 mm with the majority between o.6 and 0.7 mm. The
single ovary (from a 43-mm female) examined was found to contain 532 large
eggs; since the ovaries were all of similar size, a fecundity of about 1000 is
estimated. The male testes were lobate and whitish in color and appeared
mature.
D1scuss10N. Evidence strongly indicates that the observed population of
D. taaningi is resident in the Cariaco Trench and the thinness of the SSL may
partially explain the absence of this species in other Cariaco Trench trawl
samples taken during the daytime (Mead, 1963; Pugh, 1972). This evidence
can be summarized as follows: I) The station occupied is well removed from
the sill (35 mi); 2) the population is large as indicated by the SSL which is continuous for at least 10 km (see below); 3) a pronounced diurnal migratory pattern is observed with daytime depths lying well above the 0 2 - H 2 S interfaces
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(albe_it in oxygen deficient water with concentrations about 0.35 ml/I); 4)
gravid females were common; 5) no evidence of gonadal atrophy (evidence for
expatriation, O'Day and Nafpaktitis, 1967) was apparent; and 6) subsequent
trawls by us in the adjacent Caribbean were negative for this species. Our
results confirm the morphological distinctness (gill rakers; Ao photophores) or
the Cariaco population (Pugh, 1973) from the only other known D. taaningi
populations; the latter are found in the northern Gulf of Mexico and off West
Africa (Nafpaktitis, 1968). This distribution pattern suggests that D. taaningi
is limited to neritic mesopelagic environments.
It appears from the size distribution (Fig. 3) that a single age class is represented, although a few members of a second year class (greater than 43 mm)
may also occur. The small size of D. taaningi at first maturity (36-40 mm) is
further indication of a short life span, as is the maximum size observed (only
50 mm) for this species in the Trench (Pugh, 197 3). According to Pugh, small
juveniles were present in January. Apparently they were absent at the time of
our cruise (in March) or perhaps were present in such low abundance that they
were not sampled. All of the females examined were gravid. Thus it appears
that the Cariaco population of D. taaningi has a restricted breeding season with
a life span of about one year (with perhaps a few members surviving to the
second year). Life history data presented by Gibbs et al. ( 197 1) for Diaphus
mollis from Bermuda waters indicate a similar pattern and also suggest a one
year life cycle.
Data on age and growth in tropical myctophid fishes is not available. However, two sub-arctic species, Stenobrachius leucopsarus (Smoker and Pearcy,
1970) and Benthosema glaciale (Halliday, 1970) reach a mean size of about
32 mm after one year. Odate ( I 966) estimates that Myctophum affine from
northeastern Japan attains a length of about 36 mm after a year. These data
from non-tropical areas thus do not conflict with an estimate of 38-43 mm SL
attained by D. taaningi after one year in the tropical waters of the Cariaco
Trench. Additional sampling at other seasons in conjunction with another
method of age determination (e.g., otoliths) are required to fully confirm these
initial estimates, however.
There are several ecological characteristics of D. taaningi which illustrate the
diversity of adaptive strategies in the genus Diaphus. Reproductive maturity in
D. taaningi is reached at an early age and individuals appear to live for about
one year. For many other species in the genus individuals mature at larger sizes
and/or give indications of a life span covering several breeding seasons (see
Nafpaktitis, 1968; Gibbs et al., I 971 ). The adult D. taaningi population in the
Cariaco Trench ascends to the upper 50 m at night in contrast to other diaphids in which adults, especially gravid females, do not migrate near the surface
or appear to migrate very little (Nafpaktitis, 1968; Taylor, 1968). In addition
the daytime depth is notably shallower than for most ?ther species of Diaphus
for which data are available (Table III). The productive surface waters of the

Journal of Marine Research
Table II I. Daytime vertical distribution of various species of the genus Diaphus.
Range

Maximum Concentration

300-400 m
450-700 m
500-650 m
500-700 m
300-600 m
500-600 m
230-365 m

300-400 m
500-700 m
500-650 m
500-700m
500-600 m
500-600 m
320-365 m

Species
D. paci.ficus' ........ .
D. ra.finesquet"' ,3 •..•.•
D. splendidus 4 • ••••••
D. ejfulgens4 .. .. . ... .
D. mollis4 . • •••••••••
D. holti3 . .......... .
D. theta5, ........ .. .

1. Robison, 1972 (Gulf of California).
2. Hadcock, 1970 (E. Atlantic, Canaries).
3. Goodyear, et al., 1972 (Mediterranean).
4. Gibbs, et al., 1971 (Ocean acre - Bermuda).
5. Taylor, 1968 (British Columbia).

trench may alter the photoenvironment to the extent that critical isolumes are
more shallow (see Kampa, 1971) while the marked 02 gradient and/or free
H.S may also exert an effect.
The resident midwater fish fauna in the Cariaco Trench appears to consist
of only three species: D. taaningi, S. argentea, and B. nectahanus. The absence
of other species perhaps results from an inability to adjust vertical migration
patterns to avoid anoxic waters, as Mead ( 1963) suggests, and/or unfavorable
"niche" space in waters above the anoxic interface.
Little information exists on the population structure or density of midwater
fish es. However, by combining the acoustic data with that from trawl samples,
one can make meaningful estimates of population size. To what extent fishes
are able to avoid capture is difficult to estimate, although our specimens were
well within the size range normally taken by midwater trawls (Harrisson, 1967).
Pearcy and Laurs ( 1966) estimate a net avoidance factor of about 12 % for
D. theta off Oregon using a 6' IKMT. Estimates of abundance from trawl
samples are thus likely to be conservative. Flow meter data indicate that Trawl
No. 93 (in the SSL) traversed 9600 m, and the net mouth was estimated to
be 1.8 m on a side. This information in combination with catch data (60 fish;
23. 1 fish per hour) gave a concentration of 1.93 fish per I ooo m3. The estimated density is in the same range as that found by Zahuranec, et al., 1970,
for other midwater species in the eastern Gulf and western Atlantic. Acoustic
observations indicate a relatively homogeneous layer (no schools of high target
strength) approximately 30 m thick. One Km 2 of surface area at 250 m,
assuming homogeneity, should therefore contain 58,000 individuals for such
a layer. Since the layer was observed continuously during the length of the tow
(approximately Io Km), it is estimated that the SSL under a disk of radius 5 Km
contained approximately 4.5 million fish. Thus while D. taaningi individuals
appear well dispersed in terms of density per I ooo m3 population size is considerable over the total area of Trench observed. This estimate is much less,
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however, than the abundance of Ceratoscopelus maderensis, a myctophid which
appears in dense schools in certain areas and is associated with a peculiar soundscattering pattern (Backus et al., 1968). Their data indicate that under one
Km2 there were 180,000 to 2,700,000 fish (layer 3 schools deep; 25 schools/
Km2 ; mean school dimensions of radius 25 m and 5-10 m thick).
The availability of volume-reverberation data from the SSL and its apparent
near-monospecific composition provide an unusual opportunity to compare
estimates of fish abundance from acoustic data with the actual catch. Unfortunately we do not have good records of the sound-scattering levels at the time
of Trawl 93 (vide supra) . Nevertheless we do have good data obtained at other
times on the same station and enough information was obtained during the
trawl to make a comparison attempt wortwhile. The resonant frequency (RF)
of the swimbladders at depth ( 2 70 m), the acoustic scattering cross section
(ASCS), and the number of scatterers per unit volume were calculated from the
appropriate equations cited by Van Schuyler (1970). Comparison of the actual
(all species) catch abundance (2.38 fish / 1000 m3) with the fish concentration
predicted from mean M'v values obtained at the time of Trawl 93 (single layer)
showed that at 25 kHz, the observed mean M'v would have required 63 fish/
1000 m 3 and, at 50 kHz, 130 fish / 1000 m 3. On the basis of much better
acoustic data taken from the magnetic tape records made when the layers were
separated, at 25 kHz the shallower layer would have required 13 fish/1ooom 3
and the deeper component would have required 20 fish/1000 m3, for a total of
31 fish / 1000 m 3. At 50 kHz, the required numbers of fish would have been
80/ 1000 m3 and 130/ 1000 m3 in the shallower and deeper layers, respectively.
A detailed discussion of the acoustic data will be treated in a subsequent
paper. However, disregarding any significant net avoidance (vide supra), there
are several factors that could be operating to make the acoustically predicted
catch values greater than the actual catch. Based on the mean swimbladder
dimensions obtained from only five selected D. taaningi (Table II), the calculated RF at 270 m is 14 kHz. However, it is not possible to determine the
actual RF of the living fish at depth from our acoustic measurements, and physiological responses of swimbladders to gas metabolism may alter their size and/or
shape and, consequently, their RF and ASCS. This may be particularly true
here inasmuch as the SSL occurs in water of very low oxygen content. Furthermore, the RF calculations were based on D. taaningi only; the few S. argentea
and juvenile B. nectabanus taken were, in general smaller. We know nothing
about their distribution in the D. taaningi-dominated SSL, although their contribution appears to be small. Even so, the agreement between predicted and
observed fish abundance in the SSL based on our best 25-kHz data appears
good, considering the formidable methodological problems involve~. It is p_ossible that the poorer agreement with the mean M'v at 25 kHz obtamed dunng
Trawl 93 is entirely the result of having so few acoustic measurements available.
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The poor agreement at 50 kHz in both cases could be the result of the unmeasured contribution of nonresonant scattering by the substantial numbers of
smaller zooplankters known to be in the layer and by the undetermined contribution to the ASCS of the fish bodies themselves as opposed to swimbladders
alone (Cushing, 1973).
AcKNOWLEDGMENTS. We acknowledge with pleasure important contributions to this work by J. A. Dalpee, Jr. of the Naval Research Laboratory,
J. K. Rolfes and D. M. Milliken of the University of South Florida, J.P. Sullivan and particularly R. H. Love of the Naval Oceanographic Office, who
provided valuable consultation on certain aspects of the acoustic presentation.
Critical review was provided by G. B. Farquhar, R. W. Topp, and B. J. Zahuranec, and support was received from the State University System Institute of
Oceanography (Florida) and the Naval Research Laboratory.

REFERENCES
BACKUS, R . H., J.E. CRADDOCK, R. L. HAEDRICH, D . L. SHORES, J.M. TEAL, A. s. WING,
G . W . MEAD, and W . D . CLARKE
x968. Ceraloscopelus maderensis : Peculiar sound-scattering layer identified with this myctophid fish. Science I6o : 991-993 .
BADCOCK, J .
1970. The vertical distribution of mesopelagic fishes collected on the SOND Cruise.
J . Mar. Biol. Ass. U.K., 50 : 1001-1044.
BAIRD, R . C., D. F. WILSON, and D . M . MILLIKEN
1973. Observations on Bregmaceros nectabanus Whitley in the anoxic sulfurous water of
the Cariaco Trench. Deep-Sea Res., 20: 503-504.
BETZER, P. R.
1971. The concentration and distribution of particulate iron in water of the northwestern
Atlantic Ocean and Caribbean. Ph.D . Dissertation, University of Rhode Island,
160 pp.
CUSHING, D .
1973. Detection of Fishes. Pergamon Press. Oxford.
GIBBS, R . J., JR ., R . H . GOODYEAR, M . J . KEEN E, and C. W. BROWN
x971. Biological studies of the Bermuda Ocean Acre. II. Vertical distribution and ecology
of the lanternfishes (Family M yctophidae). Rept. to U.S. Navy Underwater Systems
Center, Contract No. Noo140-70-C-0307 (processed) . 1-141.
GOODYEAR, R. H ., B. J . ZAHURANEC, W . L. PUGH, and R . H . GIBBS, JR.
x972. Ecology and vertical distribution of Mediterranean midwater fishes. Mediterranean
Biological Studies Final Report, Smithsonian Institution (ONR Contract Noo1467A-0399-0007) . Vol. I pp . 91-230. Washington, D.C.
HALLIDAY, R . G .
x970. Growth and vertical distribution of the glacier lanternfish Benthosema glaciale, in the
northwestern Atlantic. J. Fish . Res. Bd. Canada, 27: 105-116.

1974]

Baird, Wilson, Beckett & Hopkins : Diaphus taaningi Norman

311

HARRISON, C. M . H.
1967. On methods for sampling mesopelagic fishes . Symp. Zoo!. Soc. Lond., I9 : 71-126.
HoPKINS, T. L., R. C. BAIRD, and D. M . MILLIKEN
1973. A messenger-operated closing trawl. Limnol. Oceanogr., IB: 488-490.
KAMPA,

E. M.

1971. Photoenvironment and sonic scattering. In Biological Sound Scattering m the
Ocean, G. B. Farquhar, ed ., Maury Center for Ocean Science, Rept . No. 5,
Washington, D.C., p . 51-61.
KLECKNER, R. C. and R . H . GIBBS, JR.
1972. Swimbladder structure of Mediterranean midwater fishes and a method of comparing swimbladder data wi th acoustic profiles. Mediterranean Biological Studies
Final Report, Smithsonian Institution (ONR Contract Nooo14-67A-0399-0007).
Vol. I, pp. 230-282. Washington, D .C.
MARSHALL, N. B.
1951. Bathypelagic fishes as sound scatterers in the ocean. J. Mar. Res. ,

IO:

1-17.

MEAD, G . w.
1963. Observations on fishes caught over the anoxic waters of the Cariaco Trench, Venezuela. Deep-sea Res ., IO: 733-734.
NAFPAKTITIS, B. G .
1968. Taxonomy and distribution of the lanternfishes, genera Lobianchia and Diaphus, in
the North Atlantic. Dana Report #73, Vol. XIV, 131 pp.
ODATE, s.
1966. Studies on the fishes of the family Myctophidae in the north-western area of the
Pacific coast of Japan . III. Determination of the age and growth of the suskihadaka
lanternfish, Myctaphum affine (Lutkin). Bull . T ohoku Reg . Fish. Res. Lab., 26: 35-43
(Trans. from Japanese: Fish Res. Bd. Can. Transl. Ser. 8 50, 1967).
O'DAY, W . T. and B. G . NAFPAKTITIS
1967. A study of the effects of expatriation on the gonads of two myctophid fishes in the
North Atlantic Ocean. Bull. Mus. Comp. Zoology, Harvard University, IJ6: 77-90.
PEARCY, W. G. and R. M . LAURS
1966. Vertical migration and distribution of mesopelagic fishes off Oregon . Deep-sea Res.
IJ(z) ! I 53-167.
PUGH, W.L.
1972. Collections of midwater organisms in the Cariaco Trench, Venezuela. Bull. Mar.
Sci., 22 : 592-600.
RICHARDS, F. A . and R. F . VACCARO
1956. The Cariaco Trench, an anerobic basin in the Caribbean Sea. Deep-sea Res., 3:
214-228.
ROBISON, B. H .
1972. Distribution of the midwater fi shes of the Gulf of California. Copeia 1972(3) : 448461.
SMOKER, W. and W. G. PEARCY
1970. Growth and reprod uction of the lanternfish Stenobrachius leucopsarus. J. Fish. Res.
Bd. Canada, 27 : 1265-1275.
TAYLOR, F. H . C.
1968. The relationship of midwater trawl catches to sound scattering layers off the coast
of northern British Columbia. J . Fish. Res. Bd. Canada, 25 : 457-472.

312

Journal of Marine Research

VAN SCHUYLER, P .
1971. An acoustically determined distribution of resonant scattering north of Oahu. In
Biological Sound Scattering in the Ocean, G. B. Farquhar, ed., Maury Center for
Ocean Science. Report No . 5, Washington, D. C., pp. 338-351.

D . F.
1972. Diel migration of sound scatterers into, and out of, the Cariaco Trench anoxic
water. J. Mar. Res., 30 : 168-176.

WILSON,

ZAHURANEC, B. J., W . L . PUGH, and H . B. FARQUHAR
1970. Biological sound scattering studies. Pt. I. Initial investigations in the Gulf of Mexico
and western North Atlantic. Tech. Rept. (TR-224), Naval Oceanographic Office.
Washington, D. C., 35 pp.

