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ABSTRACT: An optical plankton counter (OPC) mounted on a towed Batfish vehicle was used to detect 
and estimate the abundance of euphausiids in the Emerald and La Have Basins of the Scotian Shelf, 
northwest Atlantic Ocean. Euphausiids (Meganyctiphanes norvegica and Thysanoessa inermis) were 
identified from their characteristic diameter distributions measured by the OPC. The diameter 
distributions containing euphausiid peaks were compared to several depth strata known to contain 
these animals. The depth strata containing euphausiids were established from acoust~cal tows made on 
the same cruise and the identification of animals was accomplished by sampling these acoustical layers 
with the BIONESS net sampler. The die1 migration patterns of the euphausiids were also identified 
from these diameter distributions. Euphausiid reaction to artificial lights mounted on Batfish and 
BIONESS showed increases in abundance estimates by a factor of 2x and 50x respectively. Experi- 
ments with artificial lights mounted on a remotely operated vehicle and camera platforms are also 
described. An artificial light mounted on a towed Batfish resulted in a distinct increase in euphausiid 
abundance estimates as measured by the OPC. Abundance estimates from the OPC are also compared 
to results from acoustical tows and showed agreement to within a factor of 2 and better. 

INTRODUCTION 

The estimation of euphausiid abundance has been 
made traditionally by plankton net hauls and by 
acoustic backscattering measurements. Conventional 
plankton nets such as the ring and bongo nets and 
the more recent high technology systems such as 
BIONESS (Sameoto et  al. 1980) and MOCNESS 
(Wiebe et al. 1976) still have problems of net avoidance 
by larger euphausiids (Everson & Bone 1986, Sameoto 
et al. 1990, Cochrane et  al. 1991). Acoustical estimates 
are derived from 2 methods, the multiple-frequency 
(Greenlaw 1979, Holliday 1980, Holliday & Pieper 
1980, Pieper & Holliday 1984) and the dual beam 
technique (Richter 1985, Greene et  al. 1989). Multiple- 
frequency techniques rely on frequency-dependent 
backscattering models to partition volume backscatter- 
ing data into size classes. The dual-beam technique is 
a more direct method which enables the analysis of 
single echoes from individual animals and therefore 
the determination of target strength. One of the major 

problems in accurate acoustical estimates is the un- 
known parameter of animal orientation (Sameoto et al. 
1985) which can result in target strength uncertainties 
of up to 10 db. 

We report here on the detection of euphausiids by an 
optical method. The optical plankton counter (OPC) 
developed at the Bedford Institute of Oceanography 
(Herman 1988, 1992) has been used primarily for the 
detection and abundance estimation of copepods 
(Herman et al. 1991) ranging from the smallest de- 
tectable sizes of 250 pm to the largest Calanus spp. of 
about 4 mm in length for which the present OPC 
is tuned. The OPC has never been applied to the 
problem of euphausiid detection due to (1) the typi- 
cally low euphausiid concentration (relative to cope- 
pods), (2) their avoidance capabilities, and (3) our lack 
of knowledge of the OPC dynamic response to their 
shapes. We report on the OPC identification of 2 
species, Meganyctiphanes norvegica and Thysanoessa 
inerrnis, found in the La Have and Emerald Basins of 
the Scotian Shelf, northwest Atlantic Ocean, which 
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could be identified by their dimensional properties 
alone. We examine diameter distributions for each 
species and show how dominant peaks emerge in the 
distributions within different depth strata and for 
dayhight periods indicating die1 migration. By com- 
paring these data to BIONESS net hauls (Sameoto et al. 
1993), we were able to identify these peaks as belong- 
ing to M. norvegica and T. inermis. 

Our sampling method employed an OPC mounted 
on a Batfish vehicle towed at high speeds. Abundance 
estimates made by the OPC were compared to those 
made from acoustic backscattering measurements 
using 50 and 200 kHz transducers towed simultane- 
ously with the Batfish. We report on an experiment 
performed with bright lights (quartz-halogen) mounted 
on the Batfish and designed to reduce avoidance. 
Results from all 3 methods, the Batfish/OPC and 
acoustic measurements are intercompared. Collection 
statistics and methods for an OPC mounted on the 
BIONESS sampler are discussed. 

SAMPLING AREA AND METHODS 

Sampling occurred between 25 September and 5 
October 1990 on the research vessel CSS 'Dawson' in 
the Emerald and La Have Basins 
located within the Scotian Shelf be- 
tween 43" to 44" N and 62" to 64' W. 
These basins harbor large aggrega- 
tions of euphausiids and copepods 
below 200 m depth (Sameoto & Her- 
man 1990, Herman et al. 1991). 

Euphausiids were detected and 
measured by an optical plankton 
counter (OPC) employing the new 
high sensitivity design reported in 
Herman (1992). The OPC is capa- 
ble of detecting plankton/particles 
in a size range from 250 pm to 2 
cm. The OPC is able to identify the 
dominant species of a sample pop- 
ulation by identification of domi- 
nant peaks within its diameter 
distribution (Herman 1988, 1992, 
Herman et al. 1991). 

The OPC was mounted on a Bat- 
fish vehicle while towed at speeds 
of 4 m S-' behind a ship in a saw- 
tooth undulating pattern cycling 
between 10 and 250 m depth. The 
horizontal cycling distances de- 
pended on the diving depth and 
diving rates where the average 
cycle distance was about 1.5 km. 

The Batfish carried an array of sensors described in Her- 
man & Dauphinee (1980) consisting of: (1) a Variosens 
fluorometer measuring chlorophyll a, (2) a digital CTD 
probe measuring conductivity, temperature and depth 
and (3) an OPC. 

Euphausiid sampling was performed within the La 
Have Basin. Avoidance experiments and comparison 
to acoustical tows were accomplished by cycling the 
Batfish between 180 and 220 m in the scattering layers 
containing Meganyctiphanes norvegica. A quartz- 
halogen light was mounted just above the OPC (Fig. 1) 
allowing us to assess the effect of bright lights on 
euphausiid avoidance. These measurements are 
patterned after similar experiments performed with 
the BIONESS sampler (Sameoto et al. 1990, 1993). A 
clear acrylic fairing was placed in front of the quartz- 
halogen light to reduce drag. 

Acoustical data were gathered on 2 frequencies 
simultaneously with BatfisNOPC tows. Downward- 
directed sonar transducers operating at 50 and 
200 kHz were towed at 6 to 7 m depth below the sur- 
face bubble layer. Assuming a population of identical 
scatterers, volume backscattering strengths calculated 
with Francois & Garrison (1983a, b) were related to 
organism number and organism target strength. 
Acoustical target strengths for volume backscattering 

n 
OPC 

- 
Fig. 1. The Batfish vehicle showing artificial lights installed above the O P r  
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strength inversion were calculated using the statisti- 
cally oriented high pass fluid cylinder models as 
described by Cochrane et al. (1991). In this case an 
orientational standard deviation of 5' and a mean 
length of 2.8 cm for Meganyctiphanes norvegica was 
used in the acoustical model (Sameoto et al. 1993). 

Video observations of euphausiid behaviour near the 
bottom of La Have Basin were made with a black and 
white Sony video camera mounted on a 1 X 1 m open-box 
frame. The light source used on Baffish was also mounted 
on the video frame normal to the camera axis in the hon- 
zontal plane. The frame was lowered to rest on the bottom 
of both La Have or Emerald Basins at a depth of 270 m 
and used to observe the reaction of euphausiids to the 
lights. The video camera was also mounted on the 
HYSUB 5000 ROV (a remote-controlled submersible) to 
observe euphausiid reaction within the basins. 

EUPHAUSIID IDENTIFICATION AND DIAMETER 
CALIBRATIONS 

Mapping of euphausiid layers 

The first step in assessing the potential of the OPC for 
identifying euphausiids was to obtain data from specific 
regions and depth strata that were known to contain 
structured layers. This information was obtained from 
acoustic tows and BIONESS net hauls performed during 
the cruise (Cochrane et al. 1991, Sameoto et al. 1993). 
The La Have Basin contained Meganyctiphanes 
norvegica adults with concentrations of ca 5 m-3. 
M. norvegica were located below 160 m depth during 
daytime and migrated to the upper layers from 0 to 50 m 
at night. Thysanoessa inermis adults were found within 
the depth range of 70 to 100 m during daytime and were 
aggregated in narrow layers of 10 to 20 m thickness. 
At night T. inermis migrated to the upper 50 m while 
approximately two-thirds of the population were con- 
centrated between 40 and 50 m depth. 

These were the general features observed in the 
populations of Meganyctiphanes norvegica and Thy- 
sanoessa inermis, however there were some deviations 
from these patterns. Approximately 20% of the water 
column population of Thysanoessa spp. were found to 
CO-habit the same depth region as M. norvegica, i.e. 
below 160 m. Approximately 25 % of Thysanoessa spp. 
were T. longicaudata, a species approximately 20 % 
smaller in mean diameter than T. inermis. 

OPC measurement response to euphausiids 

Identifying both Meganyctiphanes norvegica and 
Thysanoessa inernlis with the OPC was accomplished 

by first estimating their 'mean' diameters from micro- 
scopic measurements and then comparing these 
measurements to the OPC-measured diameter distrib- 
utions. The OPC calibration is based on response to 
spherical beads (Herman 1992) and the resultant cali- 
bration equation predicts the equivalent spherical 
diameter of the zooplankter detected. These calibra- 
tions apply to the new design of OPC (Herman 1992) 
which employs a narrow light beam of 4 mm width and 
20 mm height. Most copepods, including the largest 
Calanus spp., would be enveloped by the width of the 
beam during passage while the OPC measures the 
maximum cross-sectional area of a copepod present in 
the beam. We can equate this cross-sectional area of 
the animal in the beam, A,, to the cross-sectional area 
of a sphere (Herman 1992) and we can obtain the 
equivalent spherical diameter, ESD, from 

r 

ESD = $AX 4/n (1) 

Euphausiids however, with typical body lengths of 
ca 2 cm, would overlap the beam width during 
passage. It was necessary, therefore, to estimate geo- 
metrically the area, A,, and finally the ESD of a 
euphausiid that would be measured by the OPC beam 
in order to compare it to the ESD actually measured 
by the OPC. Since the OPC beam would measure the 
maximum cross-sectional area of the euphausiid 
during passage through the beam, that area would be 
represented by the beam width (i.e. 4 mm) multiplied 
by the maximum thoracic width of the animal. In the 
case of Meganyctiphanes norvegica, there were 3 
distinct size groups of adults with thoracic widths of 
1.2, 2.2 and 3.5 mm (corresponding lengths of 10, 16 
and 26 mm respectively). By multiplying their thoracic 
widths by the beam width of 4 mm, we obtained the 
maximum area, Ax ,  measured by the beam. By substi- 
tuting Ax  into Eq. 1, we obtained their corresponding 
ESD values of 2.5, 3.4 and 4.3 mm. The 2 largest 
size groups with ESD = 3.4 and 4.3 mm comprised 
ca two-thirds of the total. When examining the OPC- 
measured diameter distributions therefore, we would 
expect to find M. norvegica between ca 3 and 6 mm 
ESD. 

In the case of Thysanoessa inermis, there was 1 
dominant size of adults with a thoracic width of ca 
1.2 mm and a resultant ESD of 2.5 mm. Therefore 
we would expect to find T. inermis between ca 2 and 
3 mm when examining the OPC-measured diameter 
distributions. 

OPC field measurements of diameter distributions 

To locate euphausiid peaks within diameter distrib- 
utions measured by the OPC, we can now use the 
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following information, i.e. (1) the depth regions con- 
taining the euphausiid layer known from acoustic and 
BIONESS tows and (2) the expected diameter ranges 
in which the euphausiid peaks will occur. Batfish 
Tows 8 and 9 represent a total of 36 and 18 profiles 
respectively sampled by the OPC in the La Have 
Basin during day and night respectively. Fig. 2 shows 
the diameter distributions (ESD) for a depth range of 
70 to 100 m where we expected to find Thysanoessa 
inermis during daytime. The 'counts' scale is ex- 
panded to enhance the regions of low count rates. The 
diameter region of 0 to 1.5 mm shows a single peak 
which is offscale and therefore does not illustrate any 
structure. When properly scaled, however, this peak 
will exhibit several defined peaks belonging to the 
various stages of Calanus finmarchicus and other 
smaller copepods as shown in Herman (1992). The 
daytune distribution in Fig. 2 shows defined peak 
structure(s) between ca 1.8 and 3 mm, i.e. in a diame- 
ter and depth region where we would expect to find 
T. inermis. The peak area corresponds to a total of ca 
350 animals. The nighttime diameter distributions 
show a significant reduction in the peak correspond- 
ing to the known migration of T inermis into the 
upper layers. Note also the increase in counts in the 
region above 3 mm (nighttime) which we later iden- 
tify as belonging to M, norvegica. Fig. 3 represents 
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Fig. 2. Day and night diameter distributions sampled with the 
Batfish/OPC and plotted only for the depth region between 
70 and 100 m. The peak between 1.8 and 3.0 mm ESD in the 

day sample corresponds to Thysanoessa inermis 
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Fig. 3 Day and night diameter distnbutions sampled with the 
BatfishIOPC and plotted only for the depth region between 
40 and 50 m. The peak between 1.8 and 3.0 mm in the night 

sample indicates the migration of Thysanoessa inermis 

the diameter distribution from the same tows for the 
depth region 40 to 50 m where we expected to 
observe nighttime migration. The nighttime distnbu- 
tion shows a well-defined peak between 1.8 and 
3 mm corresponding to T. inermis which have 
undergone migration mostly from the 70 to 100 m 
depth region. The daytime distribution of Fig. 3 shows 
an absence of the same peak. 

Fig. 4 shows the diameter distributions from the 
depth region 170 to 200 m where we expected to 
find Meganyctiphanes norvegica. Here we see a 
diffuse peak distributed between ca 3 and 6 mm 
which corresponds to the 3 size groups belonging to 
M. norvegica adults. This peak area corresponds to a 
total of ca 250 animals. The region between ca 2 and 
3 mm contains some counts which we ascertain to 
belong to Thysanoessa inermis or the smallest size 
group of M. norvegica. The nighttime distribution 
above 2 mm clearly shows an absence of any counts. 
Fig. 5 shows the diameter distribution for the depth 
region 0 to 40 m where we expected to find night- 
time migration of M, norvegica. The nighttime distri- 
bution shows a broad diffuse peak above 2 mm. 
Here we can only assume that the region between 
1.8 and 3 mm was dominated by T. inermis while 
the region between 3 and 6 mm was dominated by 
M. norvegica. 
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Fig. 4.  Day and night diameter distributions sampled with the 
Batfish/OPC and plotted for the depth region between 170 
and 200 m. The diffuse peak between 3.0 and 6.0 mm 

corresponds to Meganyctiphanes norvegjca 
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Fig. 5. Day and night diameter distributions sampled with the 
BaffisNOPC and plotted for the depth region between 0 and 
40 m. The peak between 2.0 and 6.0 mm corresponds to both 

Thysanoessa inermis and Meganyctiphanes norvegica 
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PROFILES OF MEGANYCTIPHANES NORVEGICA 
IN LA HAVE BASIN 
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The entire transect sampled by Batfish (Tow 8) con- 
sisted of 36 profiles encompassing a distance of ca 
55 km (Fig. 6). Only those OPC counts within the dia- 
meter window of 3 to 6 mm corresponding to Mega- 
nyctlphanes norvegica were processed and contoured 
on depth using a 3-dimensional perspective plot. Most 
of the M. norvegjca layer was not clearly defined or 
uniform but rather consisted of a series of euphausiid 
groups or 'clusters' of ca 1 to 3 m in the vertical scale. 
Peak concentrations in such groups ranged from 50 to 
600 m-3, however, mean concentrations averaged over 
the layer depth from ca 170 to 210 m were ca 5 m-3. 
Some scattered groups of M. norvegica were meas- 
ured also at  midwater depths (Fig. 6 ) .  

EUPHAUSIID RESPONSE TO ARTIFICIAL LIGHTS 

Video observations using a HYSUB 5000 ROV were 
made in Emerald Basin during June 1989. The re- 
sponse of Meganyctiphanes norvegica to bright Lights 
mounted on the ROV yielded several observations. In 
the first case while the ROV was moving at  any speed, 
that is, from drifting slowly to full speed (ca 3 knots), 
euphausiids were not attracted to nor avoided the ROV 
but simply moved about in a 'business as usual' 
manner. However once the ROV was motionless, eu- 
phausiids aggregated around the light after a 'stabi- 
lization' period of 1 min. These observations were 
confirmed by experiments with a black and white 
video camera mounted on a platform and lowered to 
the bottom of Emerald Basin. 

To observe the effect of bright lights on sampling 
euphausiids, Sameoto et al. (1990) attached a 150 W 
tungsten-halogen lamp to the BIONESS multiple-net 
sampler system. He observed a consistent increase by 
a factor of 10 to 40 in euphausiid catches during the 
day. Their estimates of Meganyctiphanes norvegica 
made with the BIONESS using bright lights were now 
more consistent with acoustic measurements (Sameoto 
et al. 1993). 

To test the avoidance of A4eganyctiphanes norvegica 
to the Batfish, a 300 W tungsten-halogen lamp was 
mounted above the OPC. The Batfish was then de- 
ployed and set to cycle between 180 and 220 m (as 
shown in Fig. 7) while towed over a distance of ca 
25 km. The selected depth range corresponded to 
scattering layers identified by the 50 and 200 kHz 
transducers towed simultaneously with Batfish. For 
each of 3 Batfish cycles, the lights were alternated 
between 'on' and 'off' positions for a total of 15 times. 
The euphausiid concentration was calculated for each 
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Fig. 6. A 3-dimensional per- Fig. 9a, b shows the results of a similar 
spective plot of a BatfishIOPC experiment performed 2 d later. Here we 

BATFISH Tow 8 transect the La Have observed a slightly higher concentration 
Basin of Meganyctiphanes norvegica ranging 

from 6 to 20 m-3. With the exception of 
the 2nd bin-group (3 cycle average) of 
Fig. 9a, the remaining 'lights on' aver- 
ages were also ca 2x higher than the 
'lights off' averages. Thysanoessa iner- 
mis shown in Fig. 9b again displayed 
only a random pattern for the 'lights on' 
and 'lights off' experiment. 

COMPARISON OF OPC AND 
ACOUSTIC MEASUREMENTS 

The specific intercomparison described 
here employed data from the 50 kHz 
transducer which was effectively limited ' to the detection of Meganyctiphaner 
norvegica > 2 cm in length because of the 
strong dependence of acoustic target size 
on scatterer dimension. Batfish Tows 10 

o o and 7 (Figs. 8 & 9) had to be re-analyzed 
of the 3 cycles and plotted in histogram form (Fig. 8a, for M. norvegica > 2 cm in length enabling better data 
b). M. norvegica concentrations (Fig. 8a) ranged be- comparison with acoustical measurements. However 
tween 2 and 9 m-3, however the mean concentrations the diameter distributions of M. norvegica, e.g. Fig. 4 ,  
for the 'lights on' cycles (dark histogram bars) were represent equivalent spherical diameter measurements 
ca 2x higher than the 'lights off' cycles (light histo- 
gram bars). Thysanoessa inermis (including T. longi- 12 

Fig. 7 The depth trace of the Batfish/OPC through a scatter- Fig. 8. Results from the first Batfish tow showing the mean 
ing layer situated between 180 and 220 m. Lights were turned concentration of Meganyctiphanes norvegica (a) and Thysa- 
'on' during the first 3 cycles, turned 'off' during the next noessa inermisand iT. longicaudata (b) with alternating 'lights 

3 cycles and subsequently alternated on' (dark bars) and 'lights off' (light bars) 

caudata) concentrations shown in Fig. 8b displayed 
only a random pattern for the 'lights on' and 'lights off' 
positions. m 9 -  
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BATFISH TOW 7 ( a  
M. n o r v e g i c a  

LIGHTS - ON - OFF 

T. i n e r m i s  + 
T. l o n g i c a u d a t a  

(b) 

i. : GHTS - ON 
- OFF 

n I I I 
0 5 10 15 

TOWING DISTANCE (km) 

Fig. 9. A second Batfish/OPC tow showing the mean concen- 
tration of Meganyctiphanes norvegica (a) and Thysanoessa 
inermis and 7. longicaudata (b) with alternating 'lights on' 

(dark bars) and 'lights off' (light bars) 

only and not those of length. The analyses of the micro- 
scopically measured length distributions of M. nor- 
vegica from BIONESS samples showed 3 distinct peaks 
corresponding to 1.7, 2.2 and 2.8 cm in length. The 
smallest size group of 1.7 cm representing only 32 % of 
the total population of M. norvegica would not be 
detected acoustically at a significant level. This size 
group could then be separated from the diameter distri- 
bution by eliminating the lower 32 % of the distribution 

BATFISH TOW 10 
M. n o r v e g i c a  >2 c m  

- 

OPC 

MODEL 
(5  DEG) 

MODEL 
( B I O N E S S )  

1 
0 10 20 3 0 

TOWING DISTANCE (km) 

Fig. 10. A comparison of Meganyctiphanes norvegica concen- 
trations measured by the OPC (Tow 10, Fig. 7) using 'lights 
on' and results from an acoustical tow (50 kHz) in which the 

BATFISH TOW 7 
M. n o r v e g i c a  >2 cm 

MODEL 
( 5  DEG) 

MODEL 
(BIONESS)  

5 10 15 

TOWING DISTANCE (km) 

Fig. 11. A comparison of Meganyctiphanes norvegica concen- 
trations measured by the OPC (Tow 7, Fig. 9) using 'lights on' 
and results from an acoustical tow (50 kHz) in which the 
acoustical model assumes an animal orientation of 5" Also 
shown are the results using an acoustical model in which 
target strengths have been adjusted to agree with BIONESS 

catches 

which corresponded to 3.0 to 4.0 mm ESD. Therefore the 
ESD range between 4.0 and 6.0 mm corresponded to 
lengths > 2 cm for M. norvegica and could be usefully 
compared to acoustical measurements. 

Fig. 10 shows the comparison of abundance esti- 
mates of Meganyctiphanes norvegica obtained from 
OPC and acoustical measurements of Tow 10. Each 
OPC data point represents only the 'lights on' esti- 
mates as in Fig. 8, except here data were filtered from 
4.0 to 6.0 mm ESD corresponding to M. norvegica 
> 2 cm in length. The mean trend of the resulting OPC 
estimates and simultaneous acoustical estimates for 
Tow 10 using a mean animal orientation of 5" in the 
acoustic model are shown in Fig. 10. Both OPC and 
acoustical curves agree reasonably well both relatively 
and in magnitude. An additional curve (BIONESS) is 
shown corresponding to acoustical estimates whereby 
target strengths used in the acoustic model were 
adjusted to agree with BIONESS catches. These esti- 
mates were ca 2x lower than those obtained from the 
OPC. 

The 'lights on' data of Tow 7 (Fig. 9) were re- 
analyzed for the ESD range of 4.0 to 6.0 mm and are 
shown in Fig. 11. Agreement between the OPC and 
acoustical estimates (S0 orientation) was also good with 
the exception of 1 out of 4 data points. The acoustical 
model using BIONESS estimates were also ca 2x 
lower. 

DISCUSSION 

acoustical model assumes an animal orientation of 54 Also 
shown are the results using an acoustical model in which Initially 2 avoidance mechanisms were considered, 

tarqet strenqths have been adjusted to aqree with BIONESS i.e. nets due pressure gradients and 
catches avoidance due to visual perception. Our first clue orig- 
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inated from the BIONESS tows which yielded lower 
abundance estimates integrated over the water column 
(no, m-2) during daytime. This observation suggested 
that 'visual avoidance' played the more important 
role. The most profound effect of artificial lights on 
euphausiid avoidance was observed by Sameoto et al. 
(1990) where increases in euphausiid numbers of 10 to 
5 0 x  were observed. Lesser increases by a factor of 2 x  
with Batfish in the 'lights on' mode IS expected since 
Batfish is towed at higher speeds and the available 
time for avoidance by euphausiids is significantly 
decreased. 

We also consider here the possibility that abundance 
estimates of euphausiids may have increased as a 
result of their reaction and subsequent attraction to the 
lights. Our observation showed, however, that as long 
as  the vehicle (ROV) was in motion, euphausiids 
showed no signs of attraction to lights and further- 
more, once the vehicle was motionless, the response 
time was long (>l min). An artificial light does not 
appear a s  a 'point source' to euphausiids but rather as 
a 'diffuse glow' due  to multiple-scattering of light in 
seawater. As a result euphausiids have no immediate 
point source to use a s  a cue which may account for the 
delay time for the commencement of aggregation at  a 
light source. 

The latter discussion was based on visual evidence, 
however statistical evidence of the effectiveness of the 
light experiment was also available from all 3 methods 
of measurements, i.e. OPC, BIONESS and acoustic. 
Our data have shown that with the use of the light 
source, all 3 methods yielded results that were conver- 
gent to similar values thereby lending confidence to 
each method. We are not suggesting here that the use 
of bright lights will yield consistently accurate esti- 
mates for all types of net samplers. The first results, 
however, appear promising and further trials would be 
required. 

The OPC methods described here provide a straight- 
forward measurement of euphausiid abundances by 
diameter identification. Most euphausiids are signifi- 
cantly larger than copepods (with the exception of 
some Calanus hyperboreus V & VI) and are  easily 
separated by their larger diameters which otherwise 
are free of background counts. Also the measurement 
of dayh igh t  distributions will assist In identifying 
migrators. Fortunately Scotian Shelf populations of 
Calanus spp. migrate seasonally only which facilitates 
the separation of euphausiid data. Euphausiid sizes 
also are  expected to vary seasonally and geographi- 
cally and net sampling is required for verification. 
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