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Abstract

Vertical distribution and movement of sand lance larvae and juveniles «81 mm SL) are summarized from four cruises during winter
and spring seasons in 1978, 1981 and 1983. Opening-closing nets (1-m 2 and 10-m 2 MOCNESS) were used to sample discrete strata for
day and night vertical profiles and to make serial double-oblique transects for spatial variability. In December-January, recently­
hatched larvae (5 mm SL) were found throughout the water column in well-mixed shelf water, with highest density usually in the 10-20
m depth range. In February-March, the larger larvae (>10 mm SL) were found throughout the water column during both day and night,
but these appeared to be in transition to adult behavior, with many of them living near the bottom during the day and moving up in the
water column at night. In April, premetamorphic young (20-30 mm SL) were caught mostly at night, and their abundance increased
with depth. In May, postmetamorphic juveniles (50-81 mm SL) were caught mostly at night. Presumably, they were near the bottom or
burrowed in the substrate during the day. Avoidance of the samplers by large larvae (>10 mm) and juveniles prevents firm conclusions
on their vertical distribution and movement.

Introduction

Sand lance (Ammodytes sp.) larvae and juveniles
occur pelagically over much of the continental shelf off
northeastern United States during winter and spring
(Bigelow and Schroeder, 1953; Richards and Kendall,
1973; She rman etaI., 1981a). KnowIedge of the ir vert i­
cal distribution and movement is limited. Avoidance of
plankton nets, particularly in daytime, and changes in
availability to nets due to behavioral changes during
ontogeny have made interpretation of catches of larvae
and juveniles in plankton sampling gear very difficult
(Norcross et al., 1961; Ryland, 1964; Richardsand Ken­
dall, '1973).

In shelf waters off Chesapeake Bay, Norcrossetal.
(1961) found mostly 10-14 mm larvae in January­
March sampling and 15-19 mm larvae in April. They
concluded that net avoidance was the cause of few
larger larvae (>20 mm) being caught. Their data also
indicated daytime net avoidance by 10-15 mm larvae.
Larvae were found mainly in surface waters in January
but were dispersed throughout the water column in
February and April. In March, however, most of the
larvae were taken near the bottom, possibly because of
high winds and rough seas at the time of sampling.
Richards and Kendall (1973) obtained larger catches of
larval Ammodytes sp. at night than during the day in the
Middle Atlantic Bight. In winter, they found 8-17 mm
larvae to be more abundant in deep tows at night and in
surface tows during the day. They also suggested that
availability of larvae to the plankton net decreased for
sizes greater than 25 mm. They concluded that larvae

* MARMAP contribution FED/NEFC 85-10.

and juveniles disappear from the water column during
May. Sampling at the end of March in Long Island
Sound indicated that larvae were present throughout
the water column during both day and night although
more were collected at the surface in night tows
(Wheatland, 1956).

During sand lance ontogeny, there is a transition to
the bottom-burrowing life style of adults (Scott, 1973),
which is described as alternating between periods of
inactivity within the substrate and active feeding on
zooplankton within the water column (Reay, 1970). In
laboratory studies, light intensity controlled swimming
activity of adult sand lance (Winslade, 1974). In the
presence of food, there was a diurnal rhythm that
appeared to be endogenously controlled, but, in the
absence of food, swimming activity decreased. How­
ever, comparable observations have not been reported
for larvae and juveniles.

Sand lance are very important in the trophodynam­
ics of marine ecosystems. They prey on secondary
consumers (Covil, 1959; Ryland, 1964; Reay, 1970;
Scott, 1973; Meyer et a/., 1979; Sherman et a/., 1981 b)
and are preyed upon by many higher trophic level spe­
cies (Scott, 1968, 1973; Bowman and Langton, 1978;
Winters, 1983; Bowman, 1984; Bowman et a/., 1984).
Biomass estimates for all life stages are required for use
in ecosystem modelling. For larval and juvenile sand
lance, better understanding of vertical distribution and
movement, of effect of net avoidance on catches, and of
changes in availability to the sampling qear is neces­
sary before accurate biomass estimates from survey
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data are possible. To this end, data are presented on
sand lance from four MARMAP (Marine Resources
Monitoring, Assessment and Prediction) ichthyoplank­
ton surveys (Sherman, 1980) on Nantucket Shoals and
Georges Bank at different times during winter and
spring in 1978-83.

Methods

Sand lance data for this paper were collected dur­
ing four ichthyoplankton cruises of the research vessel
Albatross IV off the northeastern United States in 1978,
1981 and 1983 (Fig. 1, Table 1). The MaGNESS (Multi­
ple Opening/ Glosing Net and Environmental Sensing
System) (Wiebe et al., 1976, 1982, 1985) was used to
sample discrete depth intervals and for serial double­
oblique tows from surface to near-bottom. The 1-m2

MaGNESS with nine 0.333 mm mesh nets was used
during three of the cruises to collect larvae, and the
1-m 2 MOCNESS with five 3.0 mm mesh nets was used
during the May cruise to collect large postlarvae and
juveniles. The gear was towed at about 2 knots (3,7
km/hr). Although sampling strategy varied somewhat
from one cruise to the next, the 1-m2 MOCNESS gener­
ally sampled the water column in 10 or 20 m strata from

the surface to about 5-10 m off the bottom, integrating
each stratum with a single net. For one tow in late
February 1978, the 1-m 2 MOGNESS, consisting of nine
consecutive nets, was towed in a double-oblique or
towyo (symmetrical double-oblique) profile through
the water column from surface to bottom and back to
the surface (see Wiebe et al., 1985). Each net filtered
approximately 500 m3 of water. The 10-m2 MaGNESS
was used in a similar serial double-oblique manner for
nine tows in May 1983 to investigate spatial variability.
In this case, each of thefive nets was towed for about 30
min and filtered 10,000-15,000 m3 of water. The 10-m2

MaGNESS was not used to sample discrete strata.

During the cruise in late February 1978, the paired
bongo sampler (Posgay and Marak, 1980) was used to
sample a grid of 34 stations which were spaced 5 miles
(3.7 km) apart on five west-to-east transects in the
boxed area (Fig. 1) before deploying the 1-m2 MaG­
NESS. The stations were sampled in a serpentine pat­
tern beginning in the southwest corner and ending in
the northeast corner of the grid. At each station, a
double-oblique tow was made with the 61-cm bongo
(0.333 and 0.505 mm mesh nets) from the su rface to 100
m or to within 5 m of the bottom in shallower areas.
Only the 0.333 mm mesh samples were used in this
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Fig. 1. The Georges Bank-Nantucket Shoals region showing locations of study areas during four cruises of Albatross IV in 1978-83.
(Open circles indicate areas where 1-m 2 MOCNESS used, numbered dots indicate 10-m 2 MOCNESS stations, and the quad­
rangle represents the area covered by the grid of 34 bongo stations.



POTTER and LOUGH: Vertical Distribution of Sand Lance 109

study. The bongo was deployed at 50 m/min and
retrieved at 10m/min, with the ship moving at 3.5 knots
(6.5 krn/hr).

P Ian k ton sam pie s w ere pre se r v edin 5%
formaldehyde-seawater solution within 20 min of
retrieving the gear. Temperature and salinity data were
obtained from the MOCNESS, XBT drops and/or CTD
casts.

In the Northwest Atlantic, two species of sand
lance (A. americanus and A. dubius) are recognized
with overlapping distributions (Richards, 1982). Sand
lance taxonomy is uncertain, and there is difficulty in
separating these species, particularly as postlarvae.
Therefore, according to the recommendation of Fahay
(1983L larvae in samples from the Georges Bank-Nan­
tucket Shoals region are designated as Ammodytes sp.

In the laboratory, sand lance were separated from
other components of the ichthyoplankton samples,
measured as standard length (SL) to the nearest 0.1
mm, and enumerated by 1 mm length groups. Catches
were standardized to number of individuals per 100 m3

of water filtered by the 1-m 2 MOCNESS and 61-cm
bongo samplers and to number per 10,000 m3 of water
filtered by the 10-m 2 MOCNESS. Tows were classified
as day or night and data were grouped by stratum depth
for calculation of stratum mean number of fish (X),
standard deviation (SO), variance (VAR) and coeffi­
cient of variation (CV). These statistics were also calcu­
lated for the log-transformed data, from which 95%
confidence limits (CL) of the geometric means were
estimated. For the transects of serial tows (towyos), an
autocorrelation function (COV/VAR) was computed
(Box and Jenkins, 1976). Density-depth profiles of
sand lance in day and night tows were plotted as arith­
rnetlc means, showing the integrated water column
abundance as number per m2 of surface area. Corres­
ponding length frequencies are shown by depth stra­
tum as mean ±1 SO, with horizontal line representing
the range of observations. Differences between day
and night length frequencies were tested by the
Kolmogorov-Smirnov (KS) test which is appropriate for
skewed distributions and sensitive to differences in
location and shape (Tate and Clelland, 1957). Where

appropriate, night-to-day abundance ratios were esti­
mated for the length frequencies and a power curve
was fitted to the ratios.

Tidal current amplitude and direction were calcu­
lated for each tow by the method of Moody et al. (1984)
on the basis of the three principal semidiurnal tidal
constituents: M2 (principal lunar), N2 (larger lunar
elliptic), and S2 (principal solar). Plots of tidal ellipses
were generated and the north and east components
were computed. Maximum larval abundance, presence
or absence of larvae, and weighted mean depth of lar­
vae were plotted on the tidal ellipse for each tow in the
time series. Lag times of 1,2 and 3 hr were also used in
the analysis.

Results

The average temperatures and salinities in Table 1
are considered to be representative of the water
column during the study periods and typical for winter
and spring seasons on Georges Bank and Nantucket
Shoals (Hopkins and Garfield, 1981; Limeburner and
Beardsley, 1982). Strong rotary semidiurnal tides keep
the water column well-mixed all year over the shallow
«60 m) parts of the bank, and strong northwest winds
prevent stratification around the perimeter (60-100 m)
of the bank in winter. Significant numbers of sand lance
(Ammodytes sp.) ranging from newly-hatched larvae in
December to juveniles well beyond metamorphosis in
May, were collected during four cruises in different
parts of the region (Table 1). No pattern was detected
between sand lance abundance and tidal current speed
or direction at any of the stations.

December cruise

Three daytime tows, with the 1-m 2 MOCNESS to
sample discrete depth strata, were made off Cape Cod
in mid-December 1978 (Table 1). The overall mean
length (5.3 mm SL) and the narrow length range
(3.6-7.2 mm) of sand lance larvae (Fig. 2) indicated
recent hatching. Larvae were present th roughout the
water column to a depth of 60 m, with 77% between 10
and 40 m. Mean density of larvae was highest (175/100

TABLE 1. Albatross IV cruise information on collections of larval and juvenile sand lance in four areas (see Fig. 1) of the Nantucket Shoals-Georges
Bank region. 1978-83.

Bottom No. No. of Fish length Mean Mean
Location depths Sampling of sand (mm SL) temp. sal.

Area Dates of study (see Fig. 1) (m) gear tows lance Mean Range (oG) (0/00 )

A 25-26 Feb 1978 (Quadrangle) 37-157 61-cm Bongo 34 272 10.3 3-31 3.7 32.70
28 Feb-1 Mar 1978 41°09'N, 69° 12'W 55-79 1-m 2 MaGNESS 14 2,293 10.5 3-28 3.5 32.59

B 14-15 Dec 1978 42°00'N, 69° 55'W 70-80 1-m 2 MaGNESS 3 7,792 5.3 4-7 8.2 32.55

G 24-29 Apr 1981 41°20'N, 66° 53'W 63-72 1-m 2 MaGNESS 19 2,543 27.3 3-57 5.8 32.90

0 17-19 May 1983 (Numbered sites) 34-69 10-m 2 MaGNESS 9 2,744 57.1 32-81 9.3 33.05
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Fig. 2. Mean density and length of sand lance by depth stratum from
3 days tows with 1-m 2 MOCNESS on 14-15 December 1978.
(Under length, vertical line on bar represents mean length,
horizontal line shows the length range, and bar represents ±
1 SO. Abundance in water column and overall mean length
are indicated in bottom of panel.)

m") in the 10-20 m stratum. Densities in the upper 20 m
of the water column varied among samples by more
than three orders of magnitude. For discrete strata
deeper than 20 m, the 95% confidence limits (CL) of the
geometric mean density were 52-237%. There was no 60

change in length composition of larvae with depth.
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Mean density and length of sand lance by depth stratum from
6 day tows (A) and 8 night tows (B) with the 1-m 2 MOCNESS
on 28 February-1 March 1978. (Under length, vertical line on
bar represents mean length, horizontal line shows the length
range, and bar represents± 1 SO. Abundance in watercolumn
and overall mean length are indicated in bottom of each
panel.)
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February-March cruise

Sampling in the northern part of the Great South
Channel in late February-early March 1978 (Table 1)
included (a) a day-night series of six tows with the 1-m2

MOCNESS for vertical distribution of larvae, (b) a day­
time serial transect of eight tows with the 1-m2 MOC­
NESS for horizontal spatial variability, and (c) a 24-hr
series of bongo tows on a grid of 34 stations in the
quadrangle (Fig. 1).

For the series of vertical tows, bottom depth varied
from 55 to 79 m and three strata were sampled (0-20,
20-40 and 40-70 m). At night, larvae were evenly dis­
tributed throughout the water column, with the highest
mean density of larvae (10/100 m'') in the 20-40 m
stratum (Fig. 3). During the day, mean density was
highest (7/100 rn'') in the surface (0-20 m) stratum. The
95% CL of the geometric mean density per stratum
were consistently within the range of half to double the
mean (CL = 46-220%) for day and night tows. Confi­
dence limits of the geometric mean density for the
surface stratum (0-20 m) were slightly wider than for
the deeper strata. Larval abundance throughout the
water column was higher at night (60/10 m") than dur­
ing the day (24/10 rn"), implying net avoidance by lar-

vae during daylight. Mean lengths did not vary
significantly with depth foreitherday or night tows, and
the overall mean lengths were similar (10.5 and 10.7
mm respectively). More larvae were caught at night
over the entire length range (Fig. 4). Although the
length compositions of the day and night samples of
larvae did not differ significantly (P>0.05, KS-test),
somewhat larger individuals were caught in the night
tows. There was a tendency for the larger larvae to be
caught in the surface (0-20 m) layer during the day and
in the near-bottom (40-70 m) layer at night (Fig. 3). This
may have been due to part of the larval population
being in or near the bottom during the day but rising off
the bottom and being more available to the sampling
gear at night.
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Fig. 5. Mean density and length of sand lance from nine consecutive
double-oblique surface-to-near-bottom tows with 1-m 2

MOCNESS on 28 February 1978. (Dashed vertical lines repre­
sent mean values. Under length, vertical line on bar repre­
sents mean length, horizontal line shows length range, and
bar represents ± 1 SO.)

April cruise

In late April 1981,19 tows (10 day and 9 night) were
made on the southeastern part of Georges Bank (Fig. 1)
in 60-70 m with the 1-m 2 MOCN ESS to sample discrete
depth strata (10 m intervals). Night tows yielded 94% of
the larvae and juveniles in contrast to 71% at night
during the late February-early March cruise. Total
abundance in the water column at night (106/10 m2

)

was 15 times greater than during the day (7/10 m2
) (Fig.

7). Sand lance were distributed throughout the water
column at night, their mean density increasing with
depth from 10/100 m3 near the surface (0-10 m) to
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The length distributions of the day and night
catches of larvae (Fig. 6) differed significantly (P<0.05,
KS-test). Mean lengths were 8.3 mm (SO 3.9) and 12.3
mm (SO 4.6) for day and night catches respectively.
Two modes were evident in the length frequencies, one
around 6 mm representing recently-hatched larvae and
another around 12 mm. Small larvae «10 mm) were
much more abundant in the day catches than in the
night catches, but the day catch rate was heavily weigh­
ted by large catches at a few stations. The night-to-day
catch ratios (Fig. 6) indicated light-aided avoidance of .
the bongo net by larvae larger than about 10 mm. A
power function provided a good fit to these ratios.
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The grid of 34 bongo stations, which were occu­
pied in late February 1978, encompassed an area of
about 2,000 km 2 (37 x 55 km) around the MOCNESS
station (Fig. 1). Of these 34 stations, 16 were daytime
and 18 were nighttime tows. This grid extended across
the northern part of Great South Channel and included
deep (>100 m) and shallow stations in an area of com­
plex hyd rog raphy. Larval density tended to be low at
the deepwater stations and much higher in the western
shallow part of the grid (Table 2). The east-west sta­
tions (i.e. 1 to 7 along transects) had an average posi­
tive autocorrelation at 1 hr lag (0.15), whereas the
north-south stations (i.e V to I across transects) had a
slight negative autocorrelation at 1 hr lag (-0.01). The
small positive trend along transects may be due to the
stations being sampled closer in time (approximately
40 min between stations). If the transects are treated as
a single line in the order of sampling so that more
observations are included, a higher positive autocorre­
lation results (0.46, P<0.05). Additional lags were cal­
culated but only the 1 hr lag was significant, indicating
that adjacent stations tended to be positively
correlated.

Distance through the water for the nine consec­
utive double-oblique 1-m2 MOCNESS tows averaged
about 0.30 km. Mean density of larvae was 19.3/100 m3

(Fig. 5) with a coefficient of variation of 96%. the geo­
metric mean density was 12.8 larvae/100 m", with 95%
CL being 47-215% of the mean. The autocorrelation
function (0.52) was significantly different from zero
(P<0.05), indicating that adjacent catches were posi­
tively correlated. The mean length of larvae was 7.3 mm
(Fig. 5). The higher-than-average densities at the end
of the series of nets tended to be associated with
smaller-than-average larvae, but the difference was not
significant (P>0.05).
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Fig. 4. Length distributions of sand lance in day and night catches
with 1-m 2 MOCNESS on 28 February-1 March 1978.
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