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Abstract

Trends in temporal and spatial abundance, and population size structure of the sand lance,
Ammodytes dubius, were examined based on trawl survey data from 1963 to 1988. Reproduction,
age structure and growth were evaluated in 1986-88 from the Gulf of Maine to Middle Atlantic
Bight region off eastern USA. Relative abundance indices which were near zero prior to 1976,
increased dramatically (5-10 fold) from 1976 to 1981 in all regions studied. Subsequently, abun­
dance dropped from 1982 to 1987.

Gonadal recrudescence of A. dubius begins in late July and males appeared to mature earlier
in a reproductive season than females. Estimates of fecundity ranged from 1,169 to 22,904 ova per
female for sand lance 137 to 213 mm total length. Maximum age estimated from otoliths and
vertebrae was 5 years. Age at 50% maturity was age II for all regions in spring. Comparison of Von
Bertalanffy growth curves derived for A. dubius from the study regions to published values from
Newfoundland and Nova Scotia suggests a decline in length and age with declining latitude.

Introduction

Sand lances (genus Ammodytes) are zooplankti­
vorous, semi-demersal, schooling perciforms that
range in the Northwest Atlantic from Greenland to
Cape Hatteras, North Carolina, USA (Leim and Scott,
1966). Winters and Dalley (1988) concluded that two
species of sand lance, A. americanus and A. dubius,
co-occur within this range. The former species inhabits
very shallow bays and estuaries, while the latter is
found in deeper, offshore waters (Nizinski et a/., 1990).

Sand lances serve as an important link between
zooplankton and marine piscivores throughout the
Northwest Atlantic. Adults are forage for Atlantic cod
(Gadus morhua), silver hake (Merluccius bilinearis),
spiny dogfish (Squalus acanthias), bluefish (Pomato­
mus saltatrix), little skates (Raja erinacea) and winter
skates (R. ocel/ata), pollock (Pol/achius virens) and
other economically-important species (Bigelow and
Schroeder, 1953; McEachran et a/., 1976; Langton and
Bowman, 1980; Bowman and Michaels, 1981; Boreman,
1983; Winters, 1983; Bowman et a/., 1984a). Larvae and
juveniles are consumed by Atlantic herring (Clupea
harengus), mackerel (Scomber scombrus) and post­
smolt Atlantic salmon (Salmo sa/ar) (Bowman et al.,
1984b; Dutil and Contu, 1988). Humpback (Megaptera
novaeangilae) and finback (Balaenoptera physalus)
whales also feed extensively on sand lance (Overholtz
and Nicolas, 1979), as do coastal birds such as com-

mon terns (Sterna hirundo) (Powers and Brown, 1987).

Humpback whale distribution appears to be corre­
lated with sand lance abundance in the Gulf of Maine
(Payne et a/., 1986). In 1986, humpback whales and
spiny dogfishes changed distribution from their tradi­
tional summer feeding grounds on Stellwagen Bank to
shelf slopes east of Provincetown, Massachusetts
(Mayo et al., 1987; G. Waring, National Marine Fisheries
Service, Woods Hole Laboratory, Woods Hole, Massa­
chusetts, pers. comm). This distributional shift was
presumably related to declining sand lance abundance
on Stellwagen Bank (G. Waring, pers. comm.).

Despite their importance as forage, very little is
known about the biology and population dynamics of
post-larval sand lance in the Northwest Atlantic. Only
localized populations of A. dubius on the Scotian Shelf
(Scott, 1968; 1973), Grand Bank (Winters, 1981; 1983)
and coastal Newfoundland (Winters, 1989), and A.
americanus along coastal New England (Westin et a/.,
1979; Richards, 1982) have been studied. No investiga­
tion has been directed specifically toward A. dubius
from the center to southern extent of its range. This
study was undertaken to document trends in spatial
and temporal abundance and size structure of sand
lance populations based on historical trawl survey
data, and to evaluate reproduction, age and growth of
A. dubius in the Gulf of Maine to the Middle Atlantic
Bight.
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Materials and Methods

Historical data

Data used were collected from 1963 to 1988 by the
National Marine Fisheries Service (NMFS), Woods
Hole, Massachusetts, in a synoptic bottom trawl survey
to analyze trends in historical abundance and size com­
position of A. dubius populations. The survey was
based on a stratified-random sampling design for con­
tinental shelf water >27 m in depth, partitioned into
strata of unequal area based on depth and geographic
location (Fig. 1A; Grosslein, 1969; Azarovitz, 1981).
From 1963 to 1967, sampling was conducted in autumn,
and intermittently in winter and summer. A spring sur­
vey was added to the annual schedule in 1968. Sam-
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piing effort was expanded in 1972 to include the
nearshore waters between 5 m and 27 m depth. Sam­
pling generally occurred in the following months: win­
ter - January to February, spring - March to May,
summer - June to August, and autumn - September
to November.

Sampling stations were randomly selected within
each stratum and allocated among strata in rough pro­
portion to stratum area. At each station, a standard #36
or #41 Yankee otter trawl with a 1.25 cm stretched mesh
codend liner was towed at approximately 3.5 knots for
30 min; depth and bottom temperature measurements
data were also taken (Azarovitz, 1981). Fish captured in
the otter trawl were brought onboard, sorted to species,
counted, weighed collectively to the nearest 0.1 kg and
measured individually to the nearest cm.

Fig. 1. (A) Northwest Atlantic area from Nova Scotia to Cape Hatteras, North Carolina delineated into strata by depth and (B) subdivided into

regions for analytical purposes. The inshore strata «27 m) are not individually labeled.
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In this study, the continental shelf extending from
Nova Scotia to Cape Hatteras was subdivided into the
Gulf of Maine, Georges Bank, Southern New England
and Middle Atlantic regions based on topographic and
bathymetric characteristics (Fig. 1B).

Abundance. Relative abundance indices, com­
puted as the stratified mean number per standardized
tow (Fogarty, 1985), were calculated separately for the
inshore (5-27 m depth) and offshore (>27 m depth)
areas of each region by year and by season. Sand lance
catch data (numbers) were transformed using In (X+1)
prior to calculation, to stabilize the variance and reduce
the influence of sampling variability between tows
(Sokal and Rohlf, 1981; Fogarty 1985). To examine
abundance of A. dubius in relation to depth, offshore
strata of each region were grouped into depth zones of
27-55 m (01),56-110 (02),111-183 (03), and 186-366
m (04) (Fig. 1A). Abundance indices were then calcu­
lated for the inshore (IN) and four offshore depth zones
of each region. Differences in the seasonal distribution
of stratified means between depth zones from spring
1972 to spring 1988 were tested by Kruskal-Wallis
ANOVA procedures applied to the stratified means
using BMOP3S (BMOP, 1981). When catches between
depth zones were found significantly different at
P::;;0.05, a Z test for Multiple Comparisons of Mean
Ranks (Gibbons, 1976) was used to indicate the direc­
tion of significance between successive depth zones.
Data for 01 (27-55 m) were not available for the Gulf of
Maine. Likewise, there was no inshore depth strata set
for Georges Bank.

Size structure. Initial analyses indicated changes in the
size structure of sand lance had occurred over time.
Least squares regression and Spearman's coefficient
of rank correlation test (Sokal and Rohlf, 1981) were
used to analyze the time series of sand lance length
data of each region for spring and autumn.

Biology

Sand lance for ageing and maturity analyses (n =
4,868) were frozen whole at sea during NMFS survey
cruises from spring 1986 to spring 1988. Spring sam­
ples in 1986 were collected from the Georges Bank and
Middle Atlantic regions only. Specimens were obtained
from all regions in spring of 1987 and 1988. Summer
collections of sand lance were made during a 1987
NMFS juvenile groundfish cruise on Georges Bank
only. Autumn samples were taken in 1986 and 1987
from Georges Bank and in 1987 from the Middle Atlan­
tic. Supplemental inshore collections (n = 311) from
inshore strata of the Gulf of Maine and Southern New
England regions in spring of 1987 and 1988 were sup­
plied by the Massachusetts Division of Marine Fisher­
ies. In subsequent analyses, all data from 1986to 1988
were combined by season to investigate overall trends
rather than year-to-year variability.

Length-weight relations. Total length (TL ± 1 mm),
except when caudal fin lobes were damaged, was mea­
sured on all individuals in 1986 to 1988. Fork length (FL
±1 mm) and total weight (TW ± 0.001 g, measured after
each individual was blotted dry) measurements were
collected from all specimens in 1986 and 1987, and
from random subsamples of individuals in 1988. Fork
length was related to total length by FL = -1.227 + 0.982
• TL (~= 0.999, n = 3.344). Total length was used in
analyses of length-weight relations, reproduction and
growth.

Seasonal regression equations of 10glo­
transformed length and weight data were generated by
the least squares method. One-way analysis of covar­
iance (Sokal and Rohlf, 1981) using BMOP1V (BMOP,
1981) was used to test for differences between regres­
sion slopes and adjusted means by sex, season and
region. If ANCOVA results were significant, Tukey's
test for Multiple Comparisons (Zar, 1984) was used to
detect differences between pairs of regression parame­
ters.

Age determination. Sagittal otoliths for ageing studies
were collected in 1986 and 1987 from subsampled indi­
viduals. Sand lance from each survey stratum were
sorted into 5 mm length categories and a number of
individuals, proportional to the number within each
length interval, were randomly selected from each
length interval (Kimura, 1977). Approximately 33-75%
of the individuals were subsampled from each survey
stratum. In 1988, otoliths were excised only from those
individuals randomly selected for fork length and total
weight measurements. Sagittae were removed, cleaned
of soft tissue material, and stored dry in coin envelopes.
Additionally, a 10-15 mm section of vertebrae was
extracted from the region between the pectoral fin base
and tip from subsampled individuals (n =289) for use in
age validation.

Otolith edges were classified as either opaque or
hyaline to determine time of opaque zone formation.
Otolith length was measured under a binocular micro­
scope at 45x using a calibrated ocular micrometer, and
otolith length to fish length relationships were derived
using least squares regression. Prior to age determina­
tion, otoliths were split transversely across the collum
of the sulcus acousticus with a scalpel blade to expose
hidden growth rings. One otolith half was then rested
upon black velvet to enhance hyaline zones, sub­
merged in a 50% ethanol solution and viewed under a
binocular dissecting microscope at 45x using reflected
light. Cleaned vertebrae were viewed in the same
manner.

Annuli were identified using criteria defined by
Reay (1972), Scott (1973) and Jearld (1983). Otolith
and vertebral annuli were identified as the widest, most
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well-defined hyaline ring, preceded by an opaque zone
that passed through the sulcus groove in the otolith
section or entirely around the vertebral centrum,
respectively. Age determination was repeated three
times on all otoliths and vertebrae. If two of the three
age readings were in agreement, the value was
accepted. If age varied between all readings, the struc­
ture was not included in the analysis (13% of the oto­
liths examined). A. dubius larvae hatch between
December and February (Potter and Lough, 1987), thus
a 1 January birthdate was assumed for all sand lance.

Sex ratios, maturity and fecundity. Gonads were
excised from individuals selected for age-structure
subsampling, identified microscopically as ovaries or
testes, blotted dry on a paper towel, weighted to the
nearest 0.001 g and further classified macroscopically
into the following maturity stages: Stage 0 - immature,
Stage I -resting, Stage II - developing, Stage III ­
ripe, Stage IV - spent and Stage V - recovering.
Stages II through V follow Macer (1966), where 0 and I
were identified by the following criteria:

Female

Stage O. Gonad is small in relation to body cavity. The
tunica albuginea is transparent and colorless.
Under microscopic examination, oogonia are
visible but they do not fill the lumen of the
gonad.

Stage I. Tunica is thick, almost opaque; color is pink to
pale. Occasionally the lumen is filled with vis­
ible oocytes; mostly filled with jelly-like
material.

Male

Stage O. Gonad is small in relation to body cavity,
almost threadlike. Tunica is transparent and
colorless. The separation between testicular
lobes on the ventral side is prominent; the
inner edges of the lobes are rounded, not
angled. Outer edges of the lobes are tapered
slightly.

Stage I. Tunica is thick, almost opaque; color is gray
to off-white. Separation between lobes not
prominent. Inner edges of testicular lobes
viewed from the ventral side are angled. Outer
lobe edges are tapered sharply.

Chi-square analyses were used to test for regional
deviations from a hypothetical 50:50 sex ratio in all
seasons. Length and age at 50% maturity were esti­
mated using probitanalysis (Finney, 1971). Seasonality
of reproduction was determined from monthly gonado­
somatic indices (GSI), calculated as:

GSI = Gonad weight / (Total weight-Gonad weight) *
100

To estimate fecundity, ovaries classified as Stage II
were excised from females collected on Georges Bank
in October of 1986 and 1987. Each ovary was placed in a
15 ml vial. Boiling water was added until the entire
gonad was covered and, after the vials cooled, they
were agitated vigorously. This method disintegrated
the thin tunica albuginea and left oocytes floating
freely in the solution. Vial contents were preserved in
modified form-alcohol (Nelson, 1990). The solutions
were examined before and after agitation and no evi­
dence of ova degradation was found. However, shrink­
age of the chorion of some ova was evident in some
samples, but this occurred in only a small fraction
«5%) of ova. Boiling water, therefore, appeared to
have minimal effect on ova dimensions.

The diameter of 50 -150 randomly chosen ova were
measured from each female, and an oocyte diameter of
0.15 mm was selected as the lower limit of the mature
ova size distribution. Each sample was washed gently
through an appropriately-sized sieve (0.13 mm) to dis­
card oogonia. Fecundity estimates were made by sub­
sampling with a Folsom splitter (Van Guelphen et al.,
1982). Fractions were selected randomly and diluted to
200 ml prior to each splitting. Air was passed into the
solution with an aquarium air tube to continuously cir­
culate the eggs and minimize the potential biases asso­
ciated with clumping and size dependent stratification.
The entire sample was split three times (a proportion of
1/8 of the whole), and after the last split, ova from one
randomly selected fraction were counted under a
binocular dissecting microscope at 7X. Total fecundity
was estimated by multlplyinq this subsample value by
8. Coefficients of variation (CV = standard deviation/
mean) were calculated for replicates of each individual
sample to obtain an estimate of the subsampling error
between trials. The relationships between mean fecun­
dity and total length, total weight and age were esti­
mated using least squares regression.

Growth analyses. A von Bertlanffy growth function,

was fitted to individual lengths-at-age data using SAS
nonlinear regression (NLlN) with the optional
derivative-free (DUD) method (SAS Institute, 1988) for
all seasons, regions and years combined. Age in years
was designated with a decimal extension that repres­
ented the month of capture standardized to ten (e.g. 2
years 6 months is equal to 2.5 years).

Results

Historical data

Abundance. Number-per-tow indices for A. dubius
fluctuated markedly from autumn 1963 to spring 1988
in all regions (Table 1). In the Gulf of Maine region, both
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TABLE 1. Transformed stratified mean number-per-tow (relative abundance indices) and coefficients of varia-
tion (CV = sd/mean'1 00) for A. dubius in the inshore and offshore areas of each region during spring
and autumn.

Gulf of Maine Georges Bank Southern New England Middle Atlantic
~~~~

Inshore Offshore Offshore Inshore Offshore Inshore Offshore
~~__~

Year x CV x CV x CV x CV x CV x CV x CV

Spring

1968 0.01 996 0.47 26.8 0.05 99.9 0.23 53.4
1969 0.06 70.5 018 52.2 006 66.6 0.00 0.0
1970 0.00 00 0.12 63.1 0.00 0.0 0.39 39.8
1971 0.03 59.5 0.06 66.4 000 0.0 0.17 84.2
1972 0.02 502 0.04 57.0 003 99.8 0.04 99.9
1973 0.02 74.2 022 33.3 0.11 97.6 0.16 538 0.03 62.9 1.05 19.1
1974 0.00 00 0.23 31.8 0.13 28.8 0.14 49.3 0.00 98.0 0.32 41.7
1975 0.00 00 0.11 28.7 000 0.0 0.06 63.7 0.27 47.4 0.11 42.5
1976 0.03 41.1 1.51 12.0 5.39 16.3 057 38.6 1.61 12.8 1.37 18.6
1977 0.05 570 087 17.7 1.68 30.4 0.50 31.9 0.73 18.3 0.27 37.5
1978 0.00 0.0 0.74 15.4 1.29 24.4 1.29 20.1 2.03 15.3 2.23 14.4
1979 0.73 43.0 0.08 38.9 0.71 18.4 2.57 26.6 0.72 21.3 1.78 13.1 1.60 18.0
1980 1.52 14.7 0.16 52.4 0.94 17.1 308 116 1.07 16.5 2.19 8.9 1.60 18.0
1981 106 708 0.18 50.9 1.18 19.4 4.03 5.1 0.67 47.8 2.91 9.2 3.19 14.0
1982 010 98.9 0.02 99.7 0.86 20.6 197 27.2 0.72 33.5 0.92 12.0 1.33 16.7
1983 1.18 23.4 0.01 998 112 15.7 186 65 076 33.0 0.79 14.2 071 35.9
1984 073 49.6 0.03 460 039 26.4 2.41 16.4 0.41 48.8 0.85 12.2 0.74 31.6
1985 093 11.8 0.01 99.8 0.18 39.0 1.36 132 0.63 30.1 1.78 15.3 0.57 30.3
1986 0.16 42.7 0.00 0.0 051 27.2 0.83 54.0 016 61.1 0.81 88 0.10 40.5
1987 024 42.5 0.03 46.7 065 25.0 123 14.5 0.52 31.0 0.86 11.0 0.63 21.6
1988 1.52 21.7 0.21 40.4 0.80 17.7 3.62 12.8 0.48 33.2 2.95 9.9 1.45 20.2

Autumn

1963 002 99.8 0.00 0.0 0.00 0.0
1964 0.02 810 003 74.0 0.00 0.0 0.00 0.0
1965 0.04 83.8 0.04 852 0.00 0.0 0.00 0.0
1966 0.00 0.0 0.12 33.9 0.00 0.0 0.00 0.0
1967 0.01 99.9 0.04 60.7 0.00 0.0 0.08 99.8
1968 0.02 71.3 016 29.6 0.00 0.0 0.08 54.0
1969 0.02 82.6 016 17.8 0.00 0.0 0.00 0.0
1970 0.00 0.0 0.02 99.8 0.00 0.0 0.00 0.0
1971 000 0.0 0.00 0.0 0.03 99.7 0.00 0.0
1972 0.02 80.8 0.16 482 0.26 51.5 0.00 0.0 0.06 32.7 0.05 99.9
1973 0.00 00 004 61.3 0.00 0.0 0.00 00 0.00 0.0 0.02 99.9
1974 0.00 0.0 0.03 99.8 000 0.0 0.00 0.0 0.01 99.4 010 70.4
1975 0.04 57.6 0.50 24.4 002 920 0.03 99.8 0.08 56.4 0.02 99.9
1976 0.00 996 007 33.2 0.00 0.0 0.00 0.0 0.04 34.4 0.04 60.1
1977 0.00 0.0 0.10 36.2 0.96 148 0.12 612 0.22 41.2 056 387
1978 0.01 74.2 0.43 169 019 75.3 0.08 87.7 0.04 64.0 0.13 84.7
1979 0.00 0.0 003 45.5 0.44 12.7 0.60 20.7 0.11 46.7 022 14.8 0.34 36.9
1980 0.00 00 0.15 52.3 055 29.1 093 939 0.23 99.8 0.04 552 0.28 60.0
1981 000 0.0 0.03 997 0.81 17.7 193 10.1 024 41.6 0.07 64.8 0.52 25.1
1982 0.00 0.0 0.14 68.3 0.52 26.7 1.71 43.3 0.00 00 0.11 36.5 037 34.7
1983 0.00 00 0.00 0.0 0.04 51.0 089 22.7 0.04 70.7 0.19 31.3 0.10 58.3
1984 0.00 0.0 0.03 710 0.14 30.6 0.97 40.7 002 99.9 0.00 0.0 007 732
1985 0.51 90 0.01 54.4 065 20.0 1.13 29.3 0.11 71.6 005 49.6 004 73.4
1986 0.00 0.0 0.01 996 0.57 23.6 0.18 811 0.08 99.9 0.06 49.9 0.06 99.9

1987 0.00 0.0 0.00 0.0 0.34 33.9 0.00 0.0 000 0.0 0.02 81.8 0.16 80.4

spring and autumn offshore means were near zero until land region and Middle Atlantic region (Fig. 3) exhi-
1979 and then indices increased through 1981 (Fig. 2). bited trends similar to the Georges Bank region. A
Inshore Gulf of Maine indices showed a similar decline in the abundance index occurred in all regions
increase in spring but not in autumn. In the Georges from 1982 through 1985-87. An increase was evident
Bank region, mean numbers-per-tow were low prior to again from 1987 to 1988. Although the summer and
the mid-1970s in spring and autumn but increased to winter time series were abbreviated (9 and 7 years,
generally higher levels through the 1980s (Fig. 2). The respectively), similar abundance trends were observed
inshore and offshore areas of the Southern New Eng- for all regions.
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4 5
Age (yr)

Comparison of A. dub/us growth curves derived for Georges
Bank (this study), Scotian Shelf banks (Scott, 1973) and New­
foundland Grand Bank (Winters, 1981\.

TABLE 9. Comparison of estimated fecundity (ova/female) between
Ammodytes dubius from Georges Bank (this study),
A. americanus from coastal New England (Westin et al.,
1979) and A. marinus (Macer, 1966) from the Outer Dowser
Banks.

Total
length Fecundity
(mm) A. dub/us A. emericenus" A. merinus"

120 2,094 4,821 4,054
130 2,848 6,559 5.177
140 3,787 8,723 6,493
150 4,938 11,376 8,016
160 6,239 14,853 9,763
170 7,991 18,416 11,749
180 9,956 13,991
190 12,258 16,504
200 14,932 19,304
210 18,015 22,407
220 21,547 25,829

300

250

E 200
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(5 100
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Fig. 11.
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a Only fishes up to 168 mm were used by Westin et al. (1979) to gener­
ate the fecundity-length relationship.

b The length was not specified, so total length was assumed the proper
measure.

ison of A. dubius fecu ndity-at-Iength to predictions for
A. americanus from coastal New England (Westin et a/.,
1979) and A. marinus on the Dowser Banks (Macer,
1966) showed that female sand lance from Georges
Bank produce less ova than females of the other spe­
cies at the same size (Table 9). Our estimate of relative
fecundity (706 ova-per-g) was substantially lower than
973 ova-per-g calculated for A. americanus by Morse
(1982).

Growth analyses. Sand lance examined in this study
were younger (~5 years) and smaller in length (~226

mm) than A. dubius from coastal Newfoundland, Grand
Banks and Nova Scotia; maximum age and length for
these regions were 9 years and 280 mm (Winters, 1989),
10 years and approximately 288 mm (maximum size
was not listed; Winters, 1983) and 9 years and 372 mm
(Scott, 1968; 1973), respectively. Consequently, size at
50% maturity was lower (150 mm vs 170 mm) for New­
foundland fishes. Growth curve comparisons (Fig. 11)
show A. dubius collected from Georges Bank also grow
slower than those fishes from the northern regions,
except on Banquereau Bank. These comparisons imply
a decrease in maximum size, age, length-at-maturity
and growth rate of A. dubius with declining latitude, a
pattern observed in several temperate marine fishes
such as the weakfish, Cynoscion rega/is (Shepherd and
Grimes, 1983). Such clinal variations have been attrib­
uted to temperature, energetic costs of reproduction
(Leggett and Carscadden, 1978) and variable prey
availability (Jones and Johnston, 1977). Although
Scott (1973) and Winters (1981) attributed variations in
A. dubius growth characteristics to areal disparities in
temperature, the role of factors such as predation or
competition should not be discounted. Such patterns
are presumably not produced by a single factor but

rather by a combination of factors acting synergisti­
cally and, given the historical fluctuations in A. dubius
abundance, the influence of these factors probably
changes from year to year.
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